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EXECUTIVE SUMMARY

Quarterly monitoring of the Sediment and Surface Water Operable Unit of Soldier Creek at
Tinker Air Force Base was conducted in response to the signed Record of Decision (ROD),
dated September, 1993. The focus of this monitoring program was to evaluate sediment and
surface water contamination from the Soldier Creek Sediment and Surface Water Operable

Unit from the headwaters of East and West Soldier Creeks to Interstate Highway 40.

Surface water samples were collected prior to sediment sampling. Sediment samples were
collected at three intervals from 0-6 inches, 6-12 inches and 3-5 feet below ground surface
(bgs). When refusal of the sampling device occurred prior to 5 feet bgs. a sediment sample
was typically collected from the bottom one foot interval of the boring. Quarterly monitoring

occurred in November 1994, and January. April and June 1995.

During the first year of quarterly monitoring, a total of 137 sediment and 59 surface water
samples were collected from 17 segments on East and West Soldier Creeks and a sample
location on Tributary B. Samples were analyzed for volatile organics, semi-volatile organics.
metals. polychlorinated biphenyls and pesticides. Surface water measurements performed in

the field included temperature. pH. conductivity, dissolved oxygen. and flow.

An evaluation of risks associated with Soldier Creek surface water and sediments was
previously performed by B&V in the Baseline Health Risk Assessment (BHRA). A Human
Health Risk Assessment (HHRA) was performed as part of this project to provide
information on potential current and future risks based on current surface water and sediment
contaminant levels, compare the results with those of the BHRA to see if the previous
conclusions are still valid. and develop cleanup goals that are protective of the human

populations.

Analyte concentrations detected in the sediment and surface water were screened using the

screening criteria set forth in the ROD. Screening criteria were based on exposure factors
developed by the BHRA for human health under the RI/FS. and the HHRA based on current

monitoring results. Unacceptable exposures were determined based on the following criteria:
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. Contaminant concentrations in sediment or surface water exceeding health

cn - . -4
levels based on an excess lifetime cancer risk of 107,

. Contaminant concentrations in sediment or surface water with non-

carcinogenic hazard indices (HIs) greater than 1.0

Contaminant concentrations detected in the 10™ to 107 range may potentially indicate an

unacceptable exposure level and were also evaluated.

Surface water analyte concentrations from the first year of quarterly monitoring did not

exceed any of the screening criteria set forth in the BHRA and the HHRA.

Sediment analyte concentrations from the first vear of quarterly monitoring did not exceed
the 10™ screening criteria set forth in the BHRA and the HHRA. Therefore, according to the
ROD. because contaminants of concern did not exceed the 107 screening criteria another

alternative for remediation does not need to be evaluated.

BHRA 10° screening criteria were exceeded by six polyaromatic hydrocarbons (PAHs)
(benzo(a)anthracene. benzo(b)fluoranthene. benzo(k)fluoranthene, benzo(a)pyrene, chrysene.
and indeno(1.2.3-cd)pyrene). HHRA 107 screening criteria were exceeded by two pesticides
(aldrin and heptachlor) and six semivolatiles (benzidine, benzo(a)anthracene,
benzo(b)fluoranthene. benzo(a)pyrene. dibenz(a.h)anthracene. and indeno(1,2.3-cd)pyrene).
and HHRA 107 screening criteria were exceeded by one pesticide (heptachlor), and one PAH
(benzo(a)pyrene) in sediment samples. Based on the ROD. exceedance of these 10™ and 10

screening criteria may potentially indicate a need to evaluate if the exposure is unacceptable.

Despite slight difference in approach, both the BHRA and HHRA concluded that there are no
unacceptable cancer risks or non-carcinogenic hazards associated with exposure to West or
East Soldier Creeks for any on-base or oft-base populations, under current or future stream
use conditions. Thus no remedial action appears to be warranted based on risks to human
health.
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1.0
INTRODUCTION

1.1  PURPOSE OF REPORT

Quarterly Monitoring of the Sediment and Surface Water Operable Unit of Soldier Creek at
Tinker Air Force Base (Tinker AFB) was conducted in response to the signed Record of
Decision (ROD), dated September. 1993.  This work was performed under Contract No.
F34650-93-D-0109. Order 5005 between Tinker AFB and Woodward-Clvde Federal Services
(WCES).  Quarterly monitoring occurred in November 1994, and January, April and June
1995, This report describes the sampling methods, analytical results. and conclusions of the

investigation.

1.2 REGULATORY BASIS

The Comprehensive Environmental Response. Compensation. and Liability Act (CERCLA)
of 1980 and the Superfund Amendments and Reauthorization Act (SARA) of 1986
established the Defense Environmental Restoration Program (DERP) for the U.S. Department
of Defense (DoD) to clean up past hazardous waste disposal and spill sites nationwide. In
1980. the United States Air Force (USAF) began implementing the DoD Installation
Restoration Program (IRP). The IRP is designed to identify and evaluate suspected problems
associated with past hazardous waste management practices. including impacts on human

health and the environment.

Section 105 of SARA mandates that procedures for undertaking response actions follow the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP) as promulgated
by the U.S. Environmental Protection Agency (EPA).

Two sites located within Tinker AFB, Building 3001 and Soldier Creek. were listed on the
CERCLA National Priority List (NPL) in 1987. Tinker AFB. EPA Region VI, and the
Oklahoma State Department of Health (OSDH) signed a Federal Facilities Agreement (FFA)
(Administrative Docket Number NPL-U3-2-27) under Section 120 CERCLA in December

1988. The intent of this agreement is to ensure that past and present activities of Tinker
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AFBs NPL sites are thoroughly investigated and appropriately remediated to protect the

public health. welfare, and the environment.
1.3 INVESTIGATION SCOPE AND OBJECTIVES

The focus of this monitoring program is sediment and surface water contamination from the
Soldier Creek Sediment and Surface Water Operable Unit (OU) from the headwaters of East
and West Soldier Creeks to Interstate Highway 40 (1-40). The Soldier Creek OU is located
in the northeast portion of Tinker AFB and was identified in the ROD as a potential threat to
human health and the environment. The objective of quarterly monitoring is to evaluate
analytical results of sediment and surface water samples for exceedance of health based
cleanup goals developed during the Baseline Health Risk Assessment (BHRA) (B&V.
1993a). and reported in the ROD (B&V. 1993b).

Quarterly monitoring of sediment and surface water began in November 1994 and proceeded
until July 1995 at approximately 3 month intervals. Results of monitoring are included in
this report. Sediment samples were collected at three intervals from 0-6 inches. 6-12 inches
and 3-5 feet. When refusal of the sampling device occurred prior to 5 feet below ground
surface (bgs). a sample was typically collected from the bottom one foot interval of the

boring.
1.4 REPORT ORGANIZATION

This report describes the results of the first year of quarterly monitoring of the Soldier Creek
OUu.

Section 1 is the introduction describing the purpose of this report, the regulatory basis

of the study. and the objectives and scope of the monitoring program.

Section 2 describes Tinker AFB and the project site. This section also summarizes

site history and previous investigations.

Section 3 describes sampling methods used during quarterly monitoring of sediments

and surface water.
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Section 4 contains a brief summary of the Human Health Risk Assessment presented

in Appendix A.

Section 5 contains a review and discussion of quarterly sampling results and

analytical exceedances of screening criteria.

Section 6 contains a review of groundwater data from the Remedial Investigation (RI)
conducted on the Soldier/Off-Base Groundwater Operable Unit and subsequent

quarterly groundwater monitoring for 1995.

Section 7 presents conclusions from the first year of quarterly monitoring.

Section 8 presents the list of references cited.
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2.0
BACKGROUND

2.1 INSTALLATION DESCRIPTION AND HISTORY

Tinker AFB is located in Oklahoma County in central Oklahoma approximately 8 miles
southeast of downtown Oklahoma City. The base is bounded by Sooner Road to the west,
Douglas Boulevard to the east. 1-40 to the north. and Southeast 74th Street to the south. The
base is comprised of 5.277 acres. Municipalities of the metro area which adjoin Tinker AFB
are Midwest City to the north, Del City to the northwest, and Oklahoma City to the east,
south. and southwest (Figure 2-1). Midwest City and Del City are heavily populated with
mixed residential and commercial areas. The arca under Oklahoma City jurisdiction is

lightly developed residential.

To attract the war industries in the early 1940°s. Oklahoma City donated the land required for
the facility and offered necessary improvements at no cost to the War Department. The
Oklahoma Industries Foundation was established to bid for a military maintenance and
supply depot and to acquire the land for the site. Oklahoma City was considered a favorable
location for the depot for several reasons. including mild winters. flat terrain, and strategic
location near the geographic center of the United States. During this period. Midwest City
was formed as a new town to provide housing and community facilities for the air depot. The
original site, consisting of 960 acres, was selected by the Army on May 21, 1941. seven

months before the United States officially entered World War I1.

The name designations for the Oklahoma City Air Depot and Tinker Air Field have changed
several times over the life of the base, as the depot and air base were redesignated and
rcorganized.  Tinker AFB was officially known as Midwest Air Depot during its
construction. and then as the Oklahoma City Air Depot after it was activated. In January
1943. the name of the depot was officially changed to Oklahoma City Air Depot Control
Area Command. In May 1943, the name was changed to Oklahoma Air Technical Area
Service Command to reflect new responsibilities at the depot. The name changed again in
July 1946. to Oklahoma City Air Material Area. In 1974. the depot was redesignated

Oklahoma City Air Logistic Center to reflect the last change in function at the depot.

d:\tinker\do6\annual.dft\annual.dft Rev 1 4/24/96

1
ok



Pressure from local citizens was instrumental in the decision to name the air field at the depot
“Tinker Field”, honoring General Clarence L. Tinker. Tinker was an Osage Indian who died
in 1942 while leading a bomber strike against the Japanese at Wake Island. Following the
creation of the DoD and the Air Force as a separate military establishment, Tinker Field
became "Tinker Air Force Base" on January 13, 1948. Subsequently. the base became the
worldwide repair depot for B-36 and B-45 aircraft, as well as a multitude of other weapons

and engines.

The Oklahoma City Air Depot was partially operational in 1942. Tinker Air Field was built
adjacent to and concurrently with the depot. The Douglas Cargo Airplane Plant was built in
1942-1943 to manufacture specially modified DC-3s. The depot and aircraft plant shared
Tinker Air Field. After World War II. the Douglas Cargo Aircraft Plant was closed and the
Air Depot took over the buildings and expanded the Base operations, to include facilities for
testing and overhauling jet engines. During this time. Tinker AFB became involved in jet
engine overhaul and, later. modification of aircraft from storage as part of a massive program

to rebuild the nation's air power.

An important development during the 1980s was the increased emphasis on environmental
management. In 1985, a separate Directorate of Environmental Management (EM) was
formed. The new Directorate incorporated functions related to environmental laws such as
the Clear Air Act (CAA). Clean Water Act (CWA), Resource Conservation and Recovery
Act (RCRA). CERCLA as amended by SARA. and Toxic Substances Control Act (TSCA).

As early as 1983. measures to clean up sites at Tinker AFB contaminated by past activities
were being undertaken under the Air Force IRP. Two sites, Building 3001 and Soldier Creek
were listed on the CERCLA NPL in 1987. In 1988, Tinker AFB signed the FFA with EPA
and the State of Oklahoma to remediate these sites. A RCRA Facility Assessment (RFA)
conducted in May 1989 identified 105 Solid Waste Management Units (SWMUSs) and
nineteen Areas of Concern (AOCs). The base was issued a RCRA Part B permit on July 1,
1991. The permit specified that a RCRA Facility Investigation (RFI) be conducted for forty-
three SWMUs and two AOCs. The Directorate of Environmental Management has now

grown to approximately eighty personnel and works closely with the Bioenvironmental
Office and the Office of Safety.
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In 1992, major organizational changes occurred in response to the end of the cold war and the
down sizing of the entire military structure. Of most importance to the OC-ALC is the fact
that on July 1, 1992, its parent command, AFLC, was merged with the Air Force Systems
Command to form the Air Force Materiel Command (AFMC). The new command comprises
52 percent of the Air Force budget. Eighteen percent of all Air Force personnel and 42

percent of the civilian workforce are assigned to the new command.

During 1992, the L-62 Strategic Communications Wing of the U.S. Navy was installed at
Tinker AFB. The L-62 Strategic Communications Wing is composed of two squadrons of

aircraft that maintain communications with the Navy's submarines.
2.2 SITE DESCRIPTION AND HISTORY

The Soldier Creek Sediment and Surface Water Operable Unit was defined by the ROD as
the two unnamed tributaries to Soldier Creek that originate on Tinker AFB. The tributary
east of Building 3001 is designated East Soldier Creck and the tributary west of Building

3001 1s designated West Soldier Creek. The boundaries for the study were:

o All sediment and surface water of East Soldier Creek that originates on Tinker
AFB to the intersection of East Soldier Creek and 1-40 north of Tinker AFB

. All sediment and surface water of West Soldier Creek that originates on
Tinker AFB to the intersection of West Soldier Creck and 1-40 north of Tinker
AFB

These initial boundaries included the ditches leading from the thirteen outfalls, eight of
which are National Pollutant Discharge Elimination System (NPDES) outfalls, to East and
West Soldier Creeks. The boundaries also included the lower portion of Tributary B, as
defined in the Remedial Investigation/Feasibility Study (RI/FS) (B&V, 1993c), just upstream

of its confluence with East Soldier Creek.

Study area boundaries were identified based on the Remedial Investigation (RI) (B&V,

1993¢). Data from the RI indicated that a contaminant concentration gradient exists to a

d:\tinker\do6\annual.dft\annual.dft Rev 1 4/24/96

2-3



point just south (upstream) of the study boundary. The study area boundary was established

based on the following criteria:

e Limits of measurable levels of contaminants (as compared to background

locations)
e Area of such size that a definitive assessment could be performed

e Allowance for source identification
2.2.1 East Soldier Creek

East and West Soldier Creeks drain the northeastern portion of Tinker AFB. Both streams
are first-order (headwater) tributaries that have been substantially modified over the years
(Figure 2-2). East Soldier Creek now originates where several storm sewers. known as
Outfalls H. 1. and J, emerge from the north side of 44th Street (north of Building 3705). The
emerged portion of East Soldier Creek flows northward a¢hout 500 feet and is joined by a
tributary from the west which is fed by process effluent and cooling water blow-down
(Outfall G). The combined flow continues about 630 feet northward along the east side of
Building 3001 to a culvert at Bradley Drive. near which two storm water ditches (Outfalls M
and L) enter from the west. This portion of the creek flows in a narrow channel through
dense woods. The substrate is mainly bedrock (sandstone), with occasional areas of gravel
and sand: virtually no fine-grained depositional sediment is present in this portion of East
Soldier Creek.

After crossing under Bradley Drive. East Soldier Creek has a short stretch of flowing water
and then becomes an elongated pond. about 600 feet long by 75 feet wide and terminating at
a dam. Approximately midway along the pond a tributary fed from process effluent and
storm water discharge (Outfall IF) enters from the west. Except for the flowing stretch near
Bradley Drive. the entire ponded portion of East Soldier Creek is depositional. with relatively

thick organically rich silt and fine sand sediments.

Normal flows from the ponded portion of East Soldier Creek are diverted via underground

piping through a concrete detention basin (former oil/water separator). Downstream from the
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dam the stream has a divided channel. the easternmost is fed by the culvert from the
detention basin. and the westernmost of which during normal flow is backwater and during
storm events is fed by the dam overflow. Between the dam and Douglas Boulevard, Fast
Soldier Creek bends eastward. This stretch is about 400 feet long, varying from about 20 to
40 feet in width with sand, silt and gravel substrate and moderate flows. About a third of the
way between the dam and Douglas Boulevard, the effluent of the Industrial Wastewater
Treatment Plant (IWTP) and Sanitary Treatment Plant (STP) currently enters from the west.
Near where the stream exits Tinker under Douglas Boulevard, a large storm water

conveyance enters from the north.

Beyond Douglas Boulevard. East Soldier Creek flow east-northeastward about 800 feet and
is joined by an intermittent tributary (Tributary B) from the south. The stream then flows
north-northeast about 1,200 feet to 1-40. This off-base stretch is in a deeply incised channel
with steep clay banks. surrounded by commercial and residential property near Douglas
Boulevard and riparian woodlands beyond Tributary B. Tributary B headwaters are located
just upstream of S.E. 36th Street where it flows northward to its confluence with East Soldier
Creek north of S.E. 36th Street and east of Douglas Boulevard. East Soldier Creek begins to
assume a quasi-natural riffle-and-pool configuration in this stretch, with natural substrates
predominated by gravel, sand and silt. There are also substantial amounts of concrete rubble
and other anthropogenic debris (e.g., discarded appliances, automobile parts, household
trash) in this section of the stream. Beyond 1-40, East Soldier Creek flows northward to its
confluence with the mainstem of Soldier Creek, which originates off-base near Southeast

59th Street, about 1.5 miles south-southeast of the Building 3001 Complex.

The following buildings were determined during the storm sewer investigation (NUS, 1989)

to be partially or totally associated with the East Soldier Creek sewer system.

. Building 2122 - Airframe paint stripping

. Building 3234 - Jet engine test stands

. Building 3703 - Jet engine test stands

. Building 3105 - Hangar and process vacuum heat treat area
. Building 3102 - Hangar and fire station

. Building 3123 - Battery repair

. Building 3108 - Hydraulic test and calibration
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o Building 3705 - Engine parts storage

o Building 3001 - Engine repair

. Building 3333 - Administrative

. Building 2210 - Accessories

. Building 3220 - Missiles and avionics

. Building 3221 - Blade repair

. Building 2212 - Boiler house

° Defense Reutilization and Marketing Office Area (DRMO)

Building 3001 consists of an aircraft overhaul and modification facility to support the
mission of the Oklahoma City Air Logistics Center. The IWTP receives industrial process
wastewater from the Building 3001. as well as process wastewater from other industrial
sources throughout the base. via a network of underground piping. Once received by the
IWTP, these waters are treated and discharged to East Soldier Creek under NPDES Permit
OK1571724391.

Table 2-1 presents the buildings and associated outfalls which contribute discharge to East
Soldier Creek.

2.2.2 West Soldier Creek

West Soldier Creek starts between the Tinker North/South runway and Building 3001 in a
broad grassy swale. It flows northward about 3500 feet and is fed by runoff from the
runways and the area west of Building 3001 and from several outfalls (Outfalls A. B, C. D.
and E), which normally discharge very little to no water. Table 2-1 presents the buildings

and associated outfalls which contribute discharge to West Soldier Creek.

West Soldier Creek originates as a broad swale between the Tinkers North/South runway and
the southern end of Building 3001. West Soldier Creek flows northward about 3500 feet and
is fed primarily from runoff from the runways and the area west of Building 3001. Outfalls
A through E provide minimal discharge to West Soldier Creek. The drainage continues to a
point opposite the north end of Building 3001, enters a storm sewer, and emerges off-base
from under Industrial Road to flow parallel to and then cross under 1-40. The off-base reach

of West Soldier Creek is moderately incised, with substrates consisting of bedrock, gravel,
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sand. and substantial amounts of concrete rubble. Riparian habitat consists of a narrow band
of trees along most of the highway side, and wooded slope on the base side. This reach is
approximately 500 feet long and is divided by a spill containment structure midway from its
emergence from on-base Tinker and the culverts at [-40. North of [-40, West Soldier Creek
flows northeastward through a mixed residential/commercial area and joins the mainstream
of Soldier Creek. just west of Douglas Boulevard. From this point, Soldier Creek flows

north-northwest approximately 3 miles to join Crutcho Creek. which continues northward

about 2 miles and enters the North Fork of the Canadian River.
2.2.3 Previous Investigations

Table 2-2 presents a brief summary of previous activities conducted on or near the Soldier
Creek OU under the IRP. As part of the overall IRP, Tinker AFB began a preliminary
assessment of previous waste disposal sites in 1981. As a result of a basewide sampling
program in 1983, which detected trichloroethene (TCE) in the groundwater. extensive
investigations were conducted in and around Building 3001. On July 22, 1987, the Building
3001 Site and Soldier Creek Site were added to the NPL. In 1990 and 1991. Black and
Veatch Waste Science Technology (B&V) conducted a Phase | and a Phase II RI/FS to
determine the extent of sediment and surface water contamination along East, West and Main
Soldier Creek. The baseline health risk assessment performed by B&V (1993a) determined
that the sediment and surface water of the Soldier Creek OU do not pose a risk to human
health in excess of acceptable risk-based exposure levels established by the EPA. The Final
Workplans for Long-Term Monitoring and Ecological Assessment of Soldier Creek
(Workplans) provided sampling procedures and quality assurance protocol for the quarterly
monitoring events (WCFS. 1994).

d:\tinker\do6\annual dft\annual.dft Rev 1 4/24/96

N
~l



SEE
DETAILED MAP

WILL ROGERS

]

A
| 571 TINKER |
|

N.E. 23RD ST.
|
L

~TE. RENO AVE. —

MIDWEST T
coy =t /s T 1
|

\ S.E. 29TH ST. N

P

49}

1 AFB
WORLD ARRPORT
ORLD AIRPO S.E. 59TH ST. . TNy
! I! “OSLANDFILL 6
S.E.|74TH ST, ‘==
SAA
49
o
[a g
04
[
P4
o
O
’ :
N
Designec By: TINKER AR FCRCE BASE
o DON.
<§i Drowr By OKLAHOMA CITY, OK_AHOMA
= TRE TITLE:
o 1 2 3 4 ey Site Vicinity Map
j D.JK.
SCALE IN MILES ; = PRCJEC™ NUMBER BATE FiG. NO
< F93506 2/06/96 | 2-1




LEGEND:

SOLDIER CREEK AND TRIBUTARES

QW05 QW06
ﬁ ...... UNDERGROUND PORTION OF CREEK
.................................... = ] DRY |
== , ;Eh CLEANERS S BOUNDARY OF TINKER AR FORCE
BASE
| 1
| | K/\, . TRAILER ® SAMPLING LOCATION ON TRIBUTARY
I & CONTAINMENT ] N PARK
i || STRUCTURE X = . QUARTERLY MONITORING SEGMENT
oy — SALVAGE QEO0T  ON EAST SOLDIER CREEK
/ | AP QUARTERLY MONITORING SEGMENT
; - 4 A COIMIN
' B I [RALER @WOT ON WEST SOLDIER CREZK
: | SERVICE
— ||||||| [l -~
= ! e
o] SHOP sy acanT | QETT
o L8 =l 0T | ]
OUTFALL-AY/ / “ /27RO
—_— _ — [ —
my | 1
| QE10
<<OA. l “ ZO_MJ,uI ﬁ { (S L mO:I )
, | DER
ouTFALL B[ =] 1A | — CREEK
> OUTF ALL UH . = REPAIR
— OUTFALL H
QW03 va | 5 O4liA >moF EAST SOLDIER CREEK
| = | ~QE05
i ! ’ - - 4
m OUTFALL J_ -1 5 EAl
QW02 \O\”v
OUTFALL m_ - _.Hllonc.a. Myh
- i
y QEO2 _ N
Qwor T QE03 £ 4 447H
| e |
; LR
’ \! Zin g M
11 ~i L ' e
L | ol TRIBUTARY "B
WEST SOLDIER| CREEK—" = 3: <! *
Opl 1 >
¢ _ l
! I =! N
£ SOUTHWEST - = COMMERCIAL
TANK  AREA 2z ol mwu_m%mm
| ] : NUF | ,
| | Mm _
| >l % \_ 190 200
Sp Ch =i 1202 2 1002 2009
(] _lr !
SCALE Fzc7
Designed By: TINKER AIR FORCE BASE
@ D.DN.
m Drawn By OKLAHOMA CITY, OKLAHOMA
py TRF. TITLE:
H Checked By: QUARTERLY MONITORING SAMPLING SEGMEN
= L.S.Y.
M Smies By PROJECT NUMBER DATE FIG. 1
¢ F93506 04/16/96 | 2-




TABLE 2-1
SOLDIER CREEK
OUTFALLS AND ASSOCIATED BUILDINGS/STRUCTURES

Location

Outfall

Building

West Soldier Creek

3001

Drains roadway

3001

3001

3001, 3108

Drains Outfalls A. B, C. D, E

East Soldier Creek

Ol Zlmjol o) w| »

3001

3001

an)

2122,2210.3001, 3102, 3105, 3220,
3221, 3234,3703

2122,2210,3001.3102, 3105. 3220,
3221, 3234,3703

Drains roadway and DRMO area

3001

2| ==~

Drains roadway

Adapted from NUS (1989)
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TABLE 2-2

SUMMARY OF PREVIOUS INVESTIGATIONS AND ACTIVITIES

SOLDIER CREEK OPERABLE UNITS

INVESTIGATION/REPORT ORGANIZATION DATE
Quarterly Groundwater December 1987 - March 1989,
1
Sampling Tulsa COE March and October 1988
Surface Water Sampling Tinker AFB March - September 1987

Sediment and Surface Water

Oklahoma State Department of

June 1987

Sampling Health
N
PDES Surface Water Tinker AFB September 1986 - July 1987
Sampling
Sediment and Surface Water October 1984, November
. EPA
Sampling 1984

Sediment Sampling and
Dredging

Harry Keith & Sons. Inc.

October 1985, April and May
1986

Final Storm Sewer

Investigation for Soldier Creek

NUS Corporation

October 1989

Industrial Wastewater
Treatment Plant Remedial
Investigation

Tulsa COE

March 1988 - September 1990

Soldier Creek Remedial
Investigation. Phase | and I1

B&V Waste Science and
Technology Corporation

July 1990. June 1991

Soldier Creek Baseline Risk
Assessment

B&V Waste Science and
Technology Corporation

February 1993

Soldier Creek Record of
Decision

B&V Waste Science and
Technology Corporation

August 1993

Workplans for Long-Term
Monitoring and Ecological

Assessment of Soldier Creek

Woodward-Clyde Federal
Services

July 1995

Draft Ecological Assessment

Woodward-Clyde Federal
Services

January 1996

Quarterly Monitoring of
Sediment and Surface Water

Woodward-Clyde Federal
Services

October 1994, January, April,
and July 1995

Soldier Creek/Off-Base
Groundwater Operable Unit.
Remedial Investigation

Parsons Engineering Science

July 1995

source: B&YV 1993, and PES 1995
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3.0
INVESTIGATION METHODS

3.1 SAMPLING PROCEDURES

During the first year of the long-term monitoring program, quarterly sampling and analysis of
sediment and surface water was performed for the segments identified in Figure 2-2. On-
base sampling segments included four segments along West Soldier Creek, and nine
segments on East Soldier Creek. The off-base portion of the Soldier Creek OU. bounded by
[-40, was split into four segments. two on West Soldier Creek and two on East Soldier Creek.
One additional sample was collected each quarter from the same location on Tributary B, just
above the junction with East Soldier Creek. east of Douglas Boulevard. Stream segments
were established based on the locations of known outfalls and structures (i.e., spill
containment structures). known or suspected areas of contamination. stream morphology. and

by communication with Tinker AFB EM personnel familiar with the project (WCFS. 1994).

Each stream segment was divided into quarters. During each quarterly sampling event, a
different quarter of each segment was sampled starting from the most upstream quarter of
each segment the first event and ending with the most downstream quarter of each segment
on the final quarterly sampling event. Figure 3-1 illustrates the sample locations within each

respective sampling section.

The rationale for dividing the stream into segments was to better characterize Soldier Creek
surface water and sediment quality temporally and spatially. This sampling methodology
was set forth in the ROD (B&V, 1993b).

Sediment and surface water were analyzed quarterly by SW-846 methodologies for volatile
organics, semivolatile organics, metals, pesticides and PCB's. Originally. pesticide analysis
was to be performed only during the first quarter of sampling. However, due to detection of
pesticides in samples collected during the first quarter, pesticide analysis was continued in
subsequent sampling events. Table 3-1 presents a list of analytes by method and reporting
limits. Actual sediment reporting limits were raised due to percent moisture in the sediment

and elevated analyte concentrations.
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3.1.1 Sediment Sampling

Sediment samples were collected from a representative location along the stream channel.
Sample locations within the quarter of the stream segment being sampled were determined in
the field. Basic criteria for determining a representative sample location included flow,

depth, deposition. occurrence of discolored sediments. and change in stream morphology.

Depending on the water column depth and sediment characteristics. a trowel. ponar dredge.
or hand auger/multi-stage sampler was used to collect sediment samples. Stainless steel
trowels were used to collect samples from the 0-6 inch interval. In areas where the water
column was too deep to use a trowel. a stainless steel hand auger/multi-stage sampler was
used. Sediment samples obtained from 6-12 inches and 3-5 feet were also collected using a

stainless steel hand auger/multi-stage sampler.

For discrete sample collection using the trowel, the sampling area was first cleared of
vegetation and/or debris. The sample was collected from the upper 6 inches. Upon reaching
the surface. the sample was placed in a stainless steel bowl or on a clean sheet of aluminum
foil. The sample for volatile and semi-volatile analyses was placed immediately into sample
containers. Free water obtained during sample collection was used to eliminate headspace in
the volatile and semi-volatile sample containers. The remaining portion of the sediment
sample was composited and then transferred to the appropriate containers based upon
analysis to be performed. Any remaining free water from the sample collection was returned
to the stream. To the extent practical, the sample hole was backfilled with native sediment

and vegetation.

The hand auger/multi-stage sampler was lowered to the sediment surface and manually
augured to the desired sampling depth or to refusal of the device. Upon reaching the surface,
the sample was placed on a clean sheet of aluminum foil. The sample for volatile and semi-
volatile analyses was placed immediately into sample containers. Free water obtained during
sample collection was used to eliminate headspace in the volatile and semi-volatile sample
containers. The remaining portion of the sample was composited and then transferred to the
appropriate containers based upon analysis to be performed. Any remaining free water from
the sample collection was returned to the stream. To the extent practical. the sample hole

was backfilled with native sediment and vegetation.
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3.1.2 Surface Water Sampling

Surface water samples were collected prior to sediment sampling, and were obtained from the
same location as sediment samples. Care was taken not to disturb the sediments during
sampling. When possible, high velocity areas were avoided due to increased volatilization in
turbulent waters. Stagnant waters were unavoidable in many segments due to the intermittent
nature of the streams. Grab surface water samples were collected by submerging glass or
stainless steel sampling devices directly into the creek. The opening of the container faced
upstream. The water was then transferred directly into the sample containers and submitted

for laboratory analysis.

Field parameters were conducted on surface water samples. These parameters included pH,
specific conductance. temperature, and dissolved oxygen. Field measurements were recorded
on field sheets. A total of four replicates were measured and averaged for cach parameter.
Volumetric stream flow in each segment was estimated by determining the cross-sectional

area and measuring current velocities across a representative transect using a flow meter.
3.1.3 Decontamination Procedures

All sampling equipment was decontaminated prior to each sampling location and prior to
initial use. Decontamination of equipment minimized the risk of cross-contamination to
environmental samples from improperly cleaned sampling equipment and ensured that
representative samples were obtained. Potable water for all decontamination activities was
provided by Tinker AFB.

Equipment used in the cleaning or decontamination of field equipment included:

. Methanol. reagent grade

. Aluminum foil

. Disposable gloves

. Teflon and stainless steel squeeze bottles or sprayers

. Wash tubs of various sizes and scrub brushes

. Potable water

. High Performance Liquid Chromatography (HPLC) water
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. Plastic sheeting

° Washwater containment tubs or containers

Equipment decontamination procedures that were employed in the Soldier Creek

investigation are as follows:

. Only Teflon and stainless steel containers were used to dispense water.

methanol. or other cleaning agents. No plastic containers were used.

. All personnel performing decontamination procedures wore appropriate
protective clothing such as disposable gloves. rubber boots, etc.. as specified
by the Site Safety Officer.

. All decontamination waste fluids were collected in containers with secondary

containment and were stored at the drum staging area until disposal.

. All surface water and sediment sampling equipment (e.g. stainless steel bowls.
trowels, dredges. and samplers) was decontaminated using brushes and a
laboratory-grade detergent/potable water solution. followed by a potable water
rinse. a pesticide-grade methanol rinse. and a HPLC water rinse. All
equipment was allowed to air dry before sampling. If not immediately used.
all decontaminated sampling equipment was wrapped in aluminum foil before

storage or reuse.

. All cleaning or wash buckets or tubs were cleaned using laboratory grade
detergent/potable water solution and potable water rinse upon mobilization,

and upon demobilization.
3.2  SAMPLE IDENTIFICATION

Each sample was identified by a specific field identification number which indicates site
name, sampling location. sample type, and sequence number. An example of the sample

identification number is as follows:
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SC-QEO01-SD-101

where SC indicates the site name (Soldier Creek Sediment and Surface Water Operable
Unit). QEOI indicates the sampling segment. SD the sample type. and 101 the sequence

number.

Following the site name, a four digit alpha-numeric code was used to identify the sampling

location. Sampling locations for the investigation were as follows:

. Quarterly monitoring sampling segments on East Soldier Creek were
designated by QEO1, QE02,....QE11.

. Quarterly monitoring sampling segments on West Soldier Creek were
designated by QWO01. QWO02..... QW06.

A two-letter designation was used to identify the specific type of sample collected. For the

investigation. these sample types were:

. SW - surface water sample

. SD - sediment sample

The last three-digit code is the sequence identifier. This number was used to separate
samples collected at the same sampling location but at different depth intervals (for soil
samples) or time intervals or for duplicate samples. The first digit of the sequence number
indicates the quarter of the stream segment being sampled for quarterly monitoring The
sequence the samples were taken is indicated by the second and third digits. The second and
third digits always began with 01 at each location. In the above example. 101 indicates the
first sample taken in the first quarter of segment QEO1 (i.e.. 0-6 inches). A sequence
identifier of 102 indicates the second sample taken in the first quarter of segment
QEO1 (i.e.. 6-12 inches). A sequence identifier of 201 indicates the first sample taken in the
second quarter of segment QEO1. Duplicate samples for each sampling event were identified
by adding 500 to the sequence identifier of the corresponding sample (i.e., SC-QE01-SD-101
duplicate would be identified as SC-QE01-SD-501).
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3.3 ANALYTICAL PARAMETERS

Sediment and surface water samples were analyzed for volatile organics. semi-volatile
organics, metals, PCB's and pesticides. A summary of the constituents for analysis,
containers, preservation. and holding times are presented in Table 3-2. All samples collected

for analysis were analyzed by Quanterra Environmental Services of Arvada, Colorado.
3.4  QUALITY CONTROL/QUALITY ASSURANCE

Quality Assurance (QA) procedures were performed in general accordance with the Quality
Assurance Project Plan (QAPP) of the Workplans (WCFS, 1994). No deviations tfrom the
QAPP occurred in the field during the quarterly sampling.

Field duplicates. matrix spikes. and matrix spike duplicates were collected at a rate of
approximately 10 percent (i.e.. 1 for every 10 samples). One rinsate was collected for each
day of sampling. These Quality Assurance/Quality Control (QA/QC) samples were collected
to assess field sampling procedures (including decontamination) and field collection
precision. Laboratory controlled trip blank samples accompanied each cooler with samples
for VOC analysis to assess potential cross-contamination. One field ambient blank for each
quarterly sampling event was collected by pouring HPLC water, used for decontamination of
equipment and rinsate samples. directly into sample bottles. The ambient blank sample was
collected to assess the effects of background conditions. potential sample container

contamination. and the quality of the HPLC water.

A Quality Assurance/Quality Control (QA/QC) review was performed by QES. A QA/QC data
assessment was performed by WCFS which included full validation of twenty percent of the
data. for each quarterly monitoring event, using the SW-846 methods (USEPA, 1992) and the
EPA Contract Laboratory Program (CLP) National Functional Guidelines for Organic and
Inorganic Data Review (Guidelines) (USEPA, 1994a. 1994b). Data assessment is herein
defined as the systematic, structured process of evaluating, editing. screening, checking,
verifying, and reviewing to assure that analytical data are in compliance with established

criteria and are valid for the intended use.
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The full validation consisted of a review of SW-846 results summary sheets and instrument
reports for QA/QC parameters such as matrix spikes (MS), matrix spike duplicates (MSDs).
detection limits, calibrations, duplicate control samples (DCS). single control samples (SCS),
chain of custody forms. sample preparations, holding times, etc. In addition the review,
consisted of recalculating laboratory data and standard calibration curves. checking for
transcription  errors, and carefully checking chromatograms and reconstructed ion
chromatograms.  The purpose of the full validation is to evaluate whether laboratory
performance and analytical data are in compliance with method requirements and project

specifications for accuracy. precision, validity, and completeness.

The data assessment process provides information on analytical limitations of data based on
regulatory or method specific QA/QC criteria. In addition. the review process assigns data
qualifiers and provides a statement concerning useability of data. To ensure the data gathered
during the investigation activities are adequate; precision, accuracy, representativeness.
completeness. and comparability (PARCC) parameter targets have been identified for Level T1I
analyses during the development of Data Quality Objectives (DQOs) and planning of the field
activities. Level 11T analyses included all laboratory analyses using EPA methods. Quality of
the analytical data is indicated by the calculation of values for precision. accuracy, and

completeness. The quantitative target values for precision, accuracy. and completeness are as

follows:
J Precision = 20 percent
. Accuracy = control limits specified for the particular analysis
. Completeness = 90 percent

Comparability and representativeness are assessed in a qualitative evaluation of the data

generated during the field investigation.

The data generated during the first year of quarterly monitoring at Soldier Creek. Tinker Air
Force Base were reviewed as described above. The data were evaluated to be usable as
received from QES for their stated and intended purpose. Complete results of data validation
and signed Chain of Custody Forms are presented in the quarterly reports (WCFS, 1995
a.b.c.d).
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TABLE 3-1
ANALYTES AND REPORTING LIMITS

Sediment' \
Analytes 5 Water (ug/L)

(ug/kg)
Recoverable Metals - Method 6010
Aluminum 10 0.1
Antimony 6 0.06
Arsenic 10 0.1
Barium 1 0.01
Beryllium 0.2 0.002
Boron 10 0.1
Cadmium 0.5 0.005
Calcium 20 0.2
Chromium 1 0.01
Cobalt 1 0.01
Copper 2 0.02
Iron 10 0.1
Lead S 0.05
Magnesium 20 0.2
Manganese 1 0.01
Molybdenum 2 0.02
Nickel 4 0.04
Potassium 500 0.3
Silver 1 0.01
Sodium 500 S
Thallium 200 2
Tin 10 0.1
Vanadium 1 0.01
Zinc 2 0.02
Metals - Methods As(7060), Pb(7421),
Hg(7470/7471), Se(7740), T1(7841)
Arsenic 0.5 0.005
Lead 0.5 0.005
Mercury 0.1 0.0002
Selenium 0.5 0.005
Thallium 0.5 0.005
PCB's and Chlorinated Pesticides - Method
8080
4.4'-DDD 3.3 0.0t
4.4'-DDE 33 0.01
44'-DDT 33 0.01
Aldrin 1.7 0.005
alpha-BHC 1.7 0.005
ailpha-Chlordane 1.7 0.005
Aroclor 1016 33 0.1
Aroclor 1221 33 0.1
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TABLE 3-1
ANALYTES AND REPORTING LIMITS

Sediment' 5
Analytes 5 Water (ug/L)

(ug/kg)
Aroclor 1232 33 0.1
Aroclor 1242 33 0.1
Aroclor 1248 33 0.1
Aroclor 1254 33 0.1
Aroclor 1260 33 0.1
beta-BHC 1.7 0.005
delta-BHC 1.7 0.005
Dieldrin 33 0.01
Endosulfan | 1.7 0.005
Endosulfan 11 3.3 0.01
Endosulfan sulfate 33 0.01
Endrin 3.3 0.0t
gamma-BHC (Lindane) 1.7 0.005
gamma-Chlordane 1.7 0.005
Heptachlor 1.7 0.005
Heptachlor epoxide 1.7 0.005
Methoxychlor 17 0.05
Toxaphene 170 0.25
Volatile Organics - Method 8240
Acetone 10 10
Acrolein 100 100
Acrylonitrile 100 100
Benzene 5 S
Bromodichloromethane 5 5
Bromoform 5 S
Bromomethane 10 10
2-Butanone (MEK) 10 10
Carbon disulfide 5 5
Carbon tetrachloride 5 5
Chlorobenzene 5 5
Chloroethane 10 10
Chloroform 5 5
Chloromethane 10 10
Dibromochloromethane 5 5
Dibromomethane 5 5
trans-1,4-Dichloro-2-butene 5 5
Dichlorodifluoromethane 20 20
1.1-Dichloroethane 5 5
1.2-Dichloroethane 5 5
1,1-Dichloroethene 5 5
1,2-Dichloropropane 5 S
cis-1,3-Dichloropropene 5 5
trans-1,3-Dichloropropene 5 5
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TABLE 3-1
ANALYTES AND REPORTING LIMITS

Sediment'

Analytes 2 Water (ug/l_.)2
(ug/kg)
Ethylbenzene 5 5
Ethyl methacrylate 20 20
lodomethane 5 5
2-Hexanone 10 10
Methylene chloride 5 5
4-Methyl-2-pentanone (MIBK) 10 10
Styrene 5 5
1.1,1,2-Tetrachloroethane 5 5
1.1.2.2-Tetrachloroethane 5 S
Tetrachloroethene 5 5
Toluene 5 S
1.1.1-Trichloroethane 5 5
1.1,2-Trichloroethane 5 5
Trichlorethene S 3
Trichlorofluoromethane S 5
1,2.3-Trichloropropane S 5
Vinyl acetate 10 10
Vinyl chloride 10 10
Xylenes (total) 5 R
trans-1.2-Dichloroethene S S

Ethanol -
2-Chlorethy! vinyl ether --

Semivolatile Organics - Method 8270

Acenaphthene 330 10
Acenaphthylene 330 10
Acetophenone 330 10
4-Aminobiphenyl 330 10
Aniline 330 10
Anthracene 330 10
Benzo(a)anthracene 330 10
Benzo(b)fluoranthene 330 10
Benzo(k)fluoranthene 330 10
Benzo(g,h,i)perylene 330 10
Benzo(a)pyrene 330 10
Benzyl alcohol 330 10
4-Bromophenyl phenyli ether 330 10
Butyl benzyi phthalate 330 10
4-Chloroaniline 330 10
bis(2-Chloroethoxy)methane 330 10
bis(2-Chloroethyl)ether 330 10
bis(2-Chloroisopropyl)ether 330 10
4-Chloro-3-methylphenol 330 10
2-Chloronaphthalene 330 10
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TABLE 3-1
ANALYTES AND REPORTING LIMITS

Sediment' 2
Analytes 5 Water (ug/L)
(ug/kg) "
2-Chlorophenol 330 10
4-Chlorophenyl phenyl ether 330 10
Chrysene 330 10
Dibenz(a,h,)anthracene 330 10
Dibenzofuran 330 10
Di-n-butyl phthalate 330 10
1,2-Dichlorobenzene 330 10
1,3-Dichlorobenzene 330 10
1.4-Dichlorobenzene 330 10
3,3'-Dichlorobenzidine 660 20
2,4-Dichlorophenol 330 10
2.6-Dichlorophenol 330 10
Diethyl phthalate 330 10
p-Dimethylaminoazobenzene 330 10
7,12-Dimethylbenz(a)-anthracene 330 10
a.a-Dimethylphenethyl-amine 330 10
2,4-Dimethyliphenol 330 10
Dimethyl phthalate 330 10
4,6-Dinitro-2-methylphenol 1600 50
2,4-Dinitrophenol 1600 50
2.,4-Dinitrotoluene 330 10
2,6-Dinitrotoluene 330 10
Di-n-octyl phthalate 330 10
Diphenylamine 350 10
bis(2-Ethylhexyl)phthalate 330 10
Ethyl methanesulfonate 330 10
Fluoranthene 330 10
Fluorene 330 10
Hexachlorobenzene 330 10
Hexachlorobutadiene 330 10
Hexachlorocyclopentadiene 330 10
Hexachloroethane 330 10
Indeno(1,2,3-cd)pyrene 330 10
Isophorone 330 10
3-Methylcholanthrene 330 10
Methyl methanesulfonate 330 10
2-Methylnaphthalene 330 10
2-Methylphenol 330 10
3/4-Methylphenol 330 10
Naphthalene 330 10
1-Naphthylamine 330 10
2-Naphthylamine 330 10
3-Nitroaniline 1600 50
4-Nitroaniline 1600 50
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TABLE 3-1
ANALYTES AND REPORTING LIMITS

Sediment'

Analytes (ug/kg) 5 Water (ug/L)2
Nitrobenzene 330 10
2-Nitrophenol 330 10
4-Nitrophenol 1600 10
N-Nitroso-di-n-butylamine 330 10
N-Nitrosodiphenylamine 330 10
N-Nitroso-di-n-propylamine 330 10
N-Nitrosopiperidine 330 10
Pentachlorobenzene 330 10
Pentachloronitrobenzene 1600 10
Pentachlorophenol 1600 10
Phenacetin 330 10
Phenanthrene 330 10
Phenol 330 10
_-Picoline 330 10
Pronamide 330 10
Pyrene 330 10
1,2.4.5-Tetrachloro-benzene 330 10
2,3,4,6-Tetrachlorophenol 1600 50
1,2,4-Trichlorobenzene 330 10
2.4,5-Trichlorophenol 1600 50
2.4,6-Trichlorophenol 330 10
Benzidine 2500 50
1-Chloronaphthalene 2500 50
Dibenz(a,j)acridine -- -
Azobenzene 2500 50
Benzoic acid 2500 50

" Actual sediment reporting limits vary due to percent moisture. and preparation dilution

* Metais results reported in mg/kg for sediment and mg/L for water
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4.0
HUMAN HEALTH RISK ASSESSMENT

An evaluation of risks associated with Soldier Creek surface water and sediments was
previously performed by Black & Veatch Waste Science Technology (B&V, 1993). Since
the time of the original risk assessment, additional information on the nature and extent of
stream contamination has been collected. including additional sediment and surface water
sampling, as well as information on pesticides and PCBs not previously evaluated. The
purpose of the present HHRA is to provide information on potential current and future risks
based on current surface water and sediment contaminant levels. to compare the results with
those of B&V to see if the previous conclusions are still valid. and to develop cleanup goals
that are protective of human populations. The HHRA is presented in its entirety in

Appendix A.

This HHRA is performed using guidance provided in the Risk Assessment Guidance for
Superfund - Part A and Part B, Exposure Factors Handbook. Standard Default Exposure
Factors, Dermal Exposure Assessment: Principles and Applications, and EPA Supplemental
Region IV Risk Assessment Guidance. Environmental data obtained from surface water and
sediment samples collected by Woodward-Clyde in the first four quarterly sampling events
(WCFS. 1994). supplemented with chemical data from sediment samples collected by Parson
Engineering Science (PES. 1995) were used in this HHRA. In addition, the HHRA made use
of recent EPA databases. including the Integrated Risk Information System (IRIS:., Health
Effects Assessment Summary Tables (HEAST); EPA Region III Risk-Based Concentration
Table and Drinking Water Regulation and Health Advisories. References used in the HHRA
are cited in Appendix A.

Based on differences in contaminant sources and exposed populations, the following four

stream segments were evaluated in this risk assessment:

West Soldier Creek, on-base
West Soldier Creek, off-base
East Soldier Creek, on-base

East Soldier Creek, off-base
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The chemicals of potential concern identified include metals, PCBs. chlorinated pesticides.
volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs). An
evaluation of potential health risks was performed for a group of exposure scenarios believed
to represent potential forms of human activities that could occur at these arcas. These

exposure scenarios include the following:

o Construction workers involved in repair or installation of underground
pipelines around or under on-base portions of the creeks

. Residents wading or swimming in the off-base portion of West and East
Soldier Creeks. (Swimming was only evaluated for the child scenario for East
Soldier Creek: all other scenarios assume wading only)

Potential health risks associated with surface water and sediment exposure were evaluated for
both on-site construction workers and off-site residents.  The results of the risk
characterization indicate that potential cancer risks and non-carcinogenic health hazards for
all scenarios are less than the advisory range of 10° to 10™ and 1.0, respectively. These
results indicate that exposure to surface water and sediments in West and East Soldier Creeks
is not likely to result in an unacceptable cancer risk or non-carcinogenic hazard for any on-

base or off-base populations under current or future stream use conditions.

The results of this current risk assessment were compared to those presented in the previous
baseline risk assessment prepared by B&V (1993). The following differences in

approaches/assumptions were noted between these two documents:

. The current HHRA evaluated PCBs/chlorinated pesticides as potential COCs.
The BHRA prepared by B&V did not include these data

. The individual stream segments, evaluated in the B&V BHRA are not
identical to the segments evaluated in the current HHRA (the stream segments
evaluated in the current HHRA are thought to be more representative of actual
stream use)

. Some of the exposure assumptions used in current HHRA are different than
those used in B&V BHRA (e.g., the current HHRA uses age-corrected surface
arca for evaluating exposure to surface water and sediments;: B&V BHRA
values were not age corrected, which was not required at the time of the
BHRA).
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Despite these slight difference in approach. both the BHRA and HHRA concluded that there
are no unacceptable cancer risks or non-carcinogenic hazards associated with exposure to
West or East Soldier Creeks for any on-base or off-base populations. under current or future
stream use conditions. Thus no remedial action appears to be warranted based on risks to

human health.

As part of the risk assessment. a set of cleanup goals was developed to identify health-
protective levels for each COC. Although remediation does not appear to be warranted at the
present time (based on risk to human health), these cleanup goals provide a set of “action

criteria”, should remedial action be required in the future.
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5.0
DISCUSSION OF QUARTERLY MONITORING RESULTS

This section discusses data screening and evaluation procedures and the results of the first

four quarters of sediment and surface water sampling of the Soldier Creek Operable Unit.
5.1 DATA SCREENING

The purpose of data screening and analysis was to determine which analytes are present and
which of those exceed medium specific decision criteria. For this assessment, a simple two
step procedure was used. The basis of the first step was to establish the presence or absence
of analytes in the sediment and surface water samples. First. all analytes reported in

detectable concentrations were tabulated on a site by site basis for each quarter.

The second step involved sample by sample comparisons to screening criteria. Screening
criteria were set forth in the ROD (B&V. 1993b) and the WCFS HHRA (Appendix A).
These screening criteria are risk-based values to which specific analyte concentrations are
compared. If sample concentrations were below the decision criteria. it was assumed that the
analvte does not pose an unacceptable risk to human health and response actions are not
required. Therefore. the analyte was dropped from further consideration. If screening criteria
were exceeded. the analyte was considered a potential contaminant of concern and was

retained for additional analysis.

According to the ROD (B&V, 1993b), unacceptable exposures were determined based on the

following criteria:

. Contaminant concentrations in sediment or surface water exceeding health
levels based on an excess lifetime cancer risk of 10™.  Contaminant
concentrations detected in the 10™ to 10 range may potentially indicate an
unacceptable exposure level and will be evaluated to determine if the exposure

level was unacceptable and remediation. therefore, necessary.
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° Contaminant concentrations in sediment or surface water with non-

carcinogenic hazard indices (HIs) greater than 1.0

. Contaminant concentrations in sediment or surface water that present an

unacceptable ecological risk

The first two criteria were based on exposure factors developed by the BHRA for human
health under the RI/FS, and the HHRA based on current monitoring results. Summaries of
carcinogenic and non-carcinogenic risks for contaminants of concern in sediment and surface
water from the BHRA are presented in Table 5-1 and Table 5-2. Risk based cleanup levels
developed by the HHRA for sediment and surface water are presented in Tables 5-3 and 5-4.

Ecological criteria are being addressed under a separate evaluation (WCFS. 1996).

5.2 EVALUATION AND DISCUSSION OF RESULTS

5.2.1 Sediment

A total of 137 sediment samples were collected during the first year of quarterly monitoring.
Total sediment samples collected from the 17 segments and Tributary B for the first through
fourth quarters were 37, 30, 36, and 34, respectively. Sediment samples were collected at
three intervals from 0-6 inches, 6-12 inches and 3-5 feet. When refusal of the sampling
device occurred prior to 5 feet bgs. a sample was typically collected from the bottorn one foot
interval of the boring. The number of sediment samples collected varied quarterly based on
the depth of sediment at each sampling location. In some sampling segments, particularly
on-base East Soldier Creek, upstream of Bradley Drive, the stream bed is scoured to bedrock

with few, shallow depositional areas.

Appendix B contains tables which summarize the analyte concentrations in each quarter.
Table 5-5 presents the frequency of detection, maximum, minimum and average
concentrations of analytes detected in sediment. Statistical summaries were calculated based
on detected concentrations in analytical samples, excluding detections in QA/QC samples
and non-detects. The sample location at which the maximum concentration of an analyte was
detected is presented in Table 5-6. Table 5-7 presents a summary of analytes which exceeded

the B&V screening criteria from the BHRA described in Section 5-1. Analytes which
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exceeded HHRA 107 and 10 carcinogenic screening criteria are presented in Tables 5-8 and
5-9, respectively. No analytes in sediment samples exceeded the WCFS HHRA non-

. . -4 . . . . .
carcinogenic or 107 carcinogenic screening criteria.
5.2.1.1 Metals

Twenty-three metals were detected during the four quarters of monitoring. Recoverable
metals detected by Method 6010 were: aluminum, antimony, barium. beryllium. cadmium,
calcium. chromium, cobalt, copper. iron, magnesium, manganese. nickel. potassium. silver,
sodium. vanadium, and zinc. Metals detected by Methods 7060. 7421, 7470/7471. 7740. and

7841 were arsenic. lead, mercury, selenium, and thallium, respectively.

The most frequently detected metals and their maximum concentrations were aluminum
(23.400 mg/kg). barium (4,700 mg/kg), calcium (210,000 mg/kg). chromium (3.210 mg/kg)
copper (2.210 mg/kg). iron (28.500 mg/kg), magnesium (30.600 mg/kg). manganese
(4.250 mg/kg). vanadium (95.7 mg/kg), and zinc (1,790 mg/kg). These metals were detected

in all 137 sediment samples collected during the first year of quarterly monitoring.

The highest metal concentration was calcium (210,000 mg/kg) from sample QE04-401,
collected downstream of Outfall G on East Soldier Creek, which is believed to be naturally
occuring The sample was collected during the fourth quarter sampling event from 0-6
inches. Calcium was detected in 137 analytical samples. The average and lowest
concentrations of calcium for the first year of quarterly sampling were 38,817 mg/kg. and

471 mg/kg. respectively.

Metals concentrations did not exceed BHRA or HHRA screening criteria in any sediment

samples.

5.2.1.2 PCB's and Chlorinated Pesticides

Aldrin. alpha-BHC, alpha-chlordane, aroclor 1254, delta-BHC. endosulfan sulfate, endrin,
heptachlor. heptachlor epoxide, and methoxychlor were detected in the sediments during the
first year of quarterly monitoring. When pesticides or PCBs were detected in an analytical

sample. a second column was run. The maximum result of the two columns were reported
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for the pesticides and PCBs concentration in an analytical sample. The most frequently
detected compound was Aroclor 1254 which was detected in 80 sediment samples. The
highest concentration of Aroclor 1254 was 40,000 ug/kg in sample QE02-301, collected from
the upper-half of Outfall G on East Soldier Creek. The sample was collected the third
quarter, in April 1995, from 0-6 inches. The average and minimum reported concentrations
of Aroclor 1254 for the first year of quarterly sampling were 3.329 ug/kg and 33 ug/kg,

respectively.

The highest reported concentration was heptachlor (52.000 ug/kg) from sample QE07-402.
collected from Outfall F on East Soldier Creek. The sample was collected the fourth quarter,
in July 1995, from 6-12 inches. The average and minimum reported concentrations of
heptachlor for the first year of quarterly sampling were 2.873 ug/kg and 1.7 ug/kg,

respectively.

Pesticides and PCBs were not identified as potential contaminants of concern in the BHRA
(B&V, 1993a). Consequently, screening criteria were not available from the BHRA for

evaluation.

Two pesticides, heptachlor and aldrin were identified as potential contaminants of concern by

exceeding HHRA screening criteria.

Heptachlor was detected in 23 analytical samples. Heptachlor detected in sample QE07-402
(52.000 ug/kg) exceeded the 10° HHRA cleanup goal (17,156 ug/kg). The sample was
collected during the fourth quarter sampling event from Outfall F on East Soldier Creek from
6-12 inches. Heptachlor detected in sample QE09-402 (3.100 ug/kg) exceeded the 10°
HHRA cleanup goal (1,715 ug/kg). Sample QE09-402 was collected during the fourth
quarter sampling event near the IWTP Outfall on East Soldier Creek from 6-12 inches. The
average and lowest concentrations of heptachlor during the first year of quarterly monitoring

were 2.873 ug/kg. and 1.7 ug/kg. respectively.

Aldrin was detected in 22 analytical samples, two of which exceeded HHRA 10° screening
criteria of 454 ug/kg. The analytical samples which exceeded screening criteria were QEOQ7-
301 (840 ug/kg) and QEO07-302 (650 ug/kg), collected during the fourth quarter sampling

event from Outtall F on East Soldier Creek at sample intervals 0-6 inches and 6-12 inches,
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respectively.  The average and lowest concentrations of aldrin during the first year of

quarterly monitoring were 840 ug/kg, and 73 ug/kg, respectively.

5.2.1.3 Semivolatile Organics

Thirty-eight semivolatile organic compounds were detected during the first four quarters of
monitoring. The compounds detected during the first year of monitoring were: 1.2-
dichlorobenzene, 1.3-dichlorobenzene, 1.4-dichlorobenzene. 1-chloronaphthalene, 2.4-
dimethylphenol, 2-chloronaphthalene, 2-methylnaphthalene. 3/4-methyphenol, acenaphthene.
acenaphthylene, acetophenone, anthracene. benzidine. benzo(a)anthracene. benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g.h.i)perylene, benzo(k)fluoranthene. benzoic acid. bis(2-
cthylhexyl)phthalate, butyl benzyl phthalate. chrysene. di-n-butyl phthalate. di-n-octyl
phthalate. dibenz(a.h)anthracene. dibenz(aj)acridine. dibenzofuran, dimethyl phthalate.
fluoranthene. fluorene. indeno(1.2.3-cd)pyrene, isophorone. n-nitrosodiphenylamine.

naphthalene. pentachlorophenol. phenanthrene, phenol. and pyrene.

The most frequently detected semivolatile analyte was fluoranthene. Fluoranthene was
detected in 113 analvtical samples. The maximum concentration of fluoranthene was
53.000 ug/kg detected in segment QE04 analyzed during the fourth quarter. The average and
minimum concentrations for fluoranthene over the first year of sampling were 4.082 ug/kg

and 44 ug/kg. respectively.

Eight semivolatile analytes were identified as potential contaminants of concern by
exceeding the risk-based screening criteria. The following polyaromatic hydrocarbons
(PAHs): benzo(a)anthracene. benzo(b)fluoranthene, benzo(k)fluoranthene. benzo(a)pyrene,
and chrysene, exceeded the BHRA screening criteria during every sampling event (Table
5-7). Indeno(1.2.3-cd)pyrene exceeded the BHRA screening criteria in one sediment sample
during sampling event. Benzidine and dibenz(a.h)anthracene exceeded the HHRA 10°

screening criteria in one and seven analytical samples. respectively.

Benzidine was detected in 2 analytical samples, one of which exceeded the HHRA 107
screening criteria of 420 ug/kg. The highest concentration of benzidine was 430 ug/kg
detected in sample QW03-202, collected from the lower portion of Outfall G on East Soldier

Creek. The sample was collected during the second quarter sampling event from 6-12 inches.
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The average and lowest detected concentrations of benzidine during the first year of quarterly

monitoring were 295 ug/kg. and 160 ug/kg, respectively.

Benzo(a)anthracene was detected in 95 analytical samples, 29 of which exceeded BHRA 10

screening criteria of 1,600 ug/kg and 5 of which exceeded HHRA 107 screening criteria of
10,575 ug/kg. The highest concentration of benzo(a)anthracene was 39,000 ug/kg detected in
sample QE04-401, collected downstream of Outfall G on East Soldier Creek. The sample
was collected during the fourth quarter sampling event from 0-6 inches. The average and
lowest detected concentrations of benzo(a)anthracene during the first year of quarterly

monitoring were 2,254 ug/kg. and 41 ug/kg, respectively.

Benzo(b)fluoranthene was detected in 97 analytical samples, 39 of which exceeded BHRA

10" screening criteria of 1.600 ug/kg and 5 of which exceeded HHRA 107 screening criteria
of 10,575 ug/kg. The highest concentration of benzo(b)fluoranthene was 28.000 ug/kg
detected in sample QE06-102. collected downstream of Bradley Drive on East Soldier Creek.
The sample was collected during the first quarter from a depth of 6-12 inches. The average
and lowest detected concentrations of benzo(b)fluoranthene during the first year of quarterly

monitoring were 2,725 ug/kg. and 40 ug/kg. respectively.

Benzo(k)fluoranthene was detected in 22 analytical samples, 12 of which exceeded BHRA

10" screening criteria of 1.600 ug/kg. The highest concentration of benzo(k)fluoranthene
was 39.000 ug/kg detected in sample QE04-401, collected downstream of Outfall G on East
Soldier Creek. The sample was collected the during the fourth quarter sampling event from
0-6 inches. The average and lowest detected concentrations of benzo(k)fluoranthene during

the first year of quarterly monitoring were 4,398 ug/kg, and 46 ug/kg, respectively.

Benzo(a)pyrene was detected in 93 analytical samples. 28 of which exceeded BHRA 107

screening criteria of 1.600 ug/kg, 3 of which exceeded HHRA 107 screening criteria of
10.575 ug/kg, and 40 of which exceeded HHRA 10° screening criteria of 1,057 ug/kg. The
highest concentration of benzo(a)pyrene was 26,000 ug/kg detected in sample QE04-401,
collected downstream of Outfall G on East Soldier Creek. The sample was collected during
the fourth quarter sampling event from 0-6 inches. The average and lowest detected
concentrations of benzo(a)pyrene during the first year of quarterly monitoring were

2,037 ug/kg, and 46 ug/kg, respectively.
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Chrysene was detected in 103 analytical samples, 33 of which exceeded BHRA 107

screening criteria of 1,600 ug/kg. The highest concentration of chrysene was 35.000 ug/kg
detected in sample QE04-401, collected downstream of Outfall G on East Soldier Creek. The
sample was collected during the fourth quarter sampling event from 0-6 inches. The average
and lowest detected concentrations of chrysene during the first year of quarterly monitoring

were 2.471 ug/kg. and 40 ug/kg, respectively.

Dibenz(a.h)anthracene was detected in 31 analvtical samples. seven of which exceeded the

HHRA 107 screening criteria of 1,057 ug/kg. The highest concentration of
dibenz(a.h)anthracene was 10.000 ug/kg detected in sample QE04-401, collected downstream
of Outfall G on East Soldier Creek. The sample was collected during the fourth quarter
sampling event from 0-6 inches. The average and lowest detected concentrations of
dibenz(a.h)anthracene during the first year of quarterly monitoring were 744 ug/kg and

89 ug/kg, respectively.

Indeno(1.2.3-cd)pyrene was detected in 79 analytical samples, one of which exceeded the

BHRA screening criteria of 12,000 ug/kg and the HHRA 107 screening criteria of
10.575 ug/kg.  The highest concentration of indeno(1,2,3-cd)pyrene was 19.000 ug/kg
detected in sample QE04-401: collected downstream of Outfall G on East Soldier Creek.
The sample was collected during the fourth quarter sampling event from 0-6 inches. The
average and lowest detected concentrations of indeno(1,2.3-cd)pyrene during the first year of

quarterly monitoring were 1.228 ug/kg, and 44 ug/kg. respectively.

During each event, a different quarter of each segment was sampled as described in Section
3-1.  Therefore, care must be taken when drawing inferences concerning changes in
concentration with time. However, several trends may be seen in Table 5-10 which compares
the maximum detected analyte concentrations from each quarter to the Phase I and II RI
sediment results. Benzo(a)anthracene, Benzo(b)fluoranthene. and Chrysene exhibit a slight
decrease in concentration from the first to second quarter monitoring events. While
Benzo(k)fluoranthene and Benzo(a)pyrene exhibit little apparent change in concentration.
However, from the second to third quarter PAH concentrations trend upward. These upward
trends may indicate a spill event or rainfall event which may have flushed stagnant
contaminants from the stormsewer and any potentially connected lift stations. The trend of

increased PAH concentrations continues to the fourth quarter.
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Figure 5-1 presents graphs by stream segment that illustrate the sediment concentrations at 0-
6 inches for the five PAHs which exceeded BHRA screening criteria in every sampling event
[benzo(a)anthracene, benzo(a)pyrene. benzo(b)fluoranthene. benzo(k)fluoranthene. and
chrysene]. Graphs are presented for those segments in which exceedance of screening
criteria occurred. The graphs illustrate that typically the detected PAH concentrations follow
the same trend (e.g., an increase in one PAH compound is associated with increases in the
other detected PAH compounds). These relationships suggest that the PAHs detected within
each segment have a common source of origin for that segment. The graphs also illustrate
that the sampling quarter with the highest concentration of the PAHs varies between the
sampling segments. This relationship suggests that multiple origins for the PAHs could
exist. The segments that have similar trends. which would suggest a common source for
them. are: QEO2 and QEO03: QE04, QEOS. and QE06; and QW04 and QWO0S. Finally, the
graphs illustrate that concentrations of analytes decrease off-base as compared to on-base.
Exceedances of 107 screening criteria (BHRA and HHRA) occurred during only one quarter
on a off-base portion of East Soldier Creek (QE10). Analysis from the downstream most
segments of both East and West Soldier Creek did not exceed BHRA or HHRA screening

criteria.

PAHs consist of two or more aromatic rings fused in linear, angular, or cluster arrangements
containing only carbon and hydrogen atoms. Their chemical. physical. and biological
properties vary based on their size and shape. In general, PAHs are poorly soluble in water
explaining their low concentrations in the surface water in comparison with the sediment.
The log octanol/water partition coefficients (log K,,) for most PAHs range from 4 to 8.
indicating that they are adsorbed by soils and sediments, limiting potential migration into
deep soils and groundwater (USDHHS. 1990).

The primary source of release of PAHs to the environment occurs as a result of combustion
emissions. Discharges may also occur from spills of fuel oils, gasoline. etc., or from runoff

from sources such as roadways, asphalt parking lots or railroad ties.
5.2.1.4  Yolatiles

Twenty-three volatile compounds were detected in sediment samples during the first year of

quarterly monitoring. The compounds detected were: 1,1,2.2-tetrachloroethane, 1.2.3-
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trichloropropane. 1,2-dichloroethane, 2-butanone (MEK), 2-hexanone, 4-methyl-2-pentanone
(MIBK). acetone, acrolein, acrylonitrile. benzene, carbon disulfide, chlorobenzene.
chloroform, chloromethane, ethylbenzene, methylene chloride, tetrachloroethene, toluene.
trichloroethene, trans-1.2-dichloroethene, trans-1.4-dichloro-2-butene, vinyl chloride, xylenes
(total).

The most frequently detected volatile compound was methylene chloride followed by
acetone. Methylene chloride was detected in 97 analytical samples with a maximum
concentration of 600 ug/kg. and average concentration of 15 ug/kg and minimum
concentration of 1.3 ug/kg. The highest concentration of methylene chloride was detected in
the sediment sample from QE08-301, collected from the pond on East Soldier Creek. The
sample was collected during the third quarter in April 1995. Acetone was detected in 91
samples with a maximum concentration of 950 ug/kg. The highest concentration of acetone
was also detected in QE08-301.

The highest volatile concentration was chlorobenzene (18.000 ug/kg) which was also
detected in sediment sample QE08-301.

5.1.2.5 Tentatively Identified Compounds

A total of 667 tentatively identified compounds (TICs) were detected in sediments during
quarterly monitoring. The most frequently detected TIC was the class of compounds
“Saturated Hydrocarbon: >C20™ which were detected in 79 samples. Table B-17, Appendix
B. presents the frequency of detection. maximum, minimum and average concentrations for
all TICs detected in the sediment. The sample location at which the maximum concentration

of'a TIC was detected is presented in Table B-18, Appendix B.
5.2.2 Surface Water

A total of 59 surface water samples were collected during the first year of quarterly
monitoring. Total surface water samples collected from the first through fourth quarters were
15. 15. 16, and 13, respectively. The number of surface water samples varied quarterly due
to the intermittent nature of the streams. Sample locations at segment QW01 and Tributary B

were dry during all four quarterly sampling events. Sample locations at QW02 were dry also
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except during the third quarterly sampling event. During the fourth quarterly sampling event,

all sampling locations on-base West Soldier Creek were dry.

Appendix B contains tables which summarize analyte detections by quarter. Table 5-11
presents the frequency of detection, maximum, minimum, and average concentrations of
analytes detected in surface water samples. Statistical summaries were calculated based on
detected concentrations in analytical samples, excluding detections in QA/QC samples and
non-detects. The sample location at which the maximum concentration of an analyte was
detected is presented in Table 5-12. Table 5-13 presents a comparison of maximum analyte

concentrations of the surface water samples for each quarter to the RI sampling results.
5.2.2.1 Metals

Twenty-one metals were detected during the four quarters of monitoring. Recoverable metals
detected in surface water by Method 6010 were: aluminum. barium. cadmium. calcium.
chromium. cobalt. copper. iron. magnesium. manganese, molybdenum. nickel, potassium.
sodium, vanadium. and zinc. Metals detected by Methods 7060. 7421, 7470/7471, 7740, and

7841 were arsenic, lead. mercury, selenium, and thallium, respectively.

The most frequently detected metals and their maximum concentrations were barium
(0.68 mg/L). calcium (99.6 mg/L). copper (0.3 mg/L), magnesium (45.7 mg/L), manganese
(0.44 mg/L), and zinc (0.068 mg/L). These metals were detected in all 59 surface water

samples collected during the first year of quarterly monitoring.

The highest metal concentration was sodium (203 mg/L) from sample QE10-101, collected
downstream of Douglas Boulevard on off-base East Soldier Creek. The sample was collected
the during the first quarter sampling event, in November 1994. Sodium was detected in 57
analytical samples. The average and lowest concentrations of sodium from the first year of

quarterly monitoring were 42.3 mg/L, and 0.6 mg/L, respectively.

Metals concentrations did not exceed BHRA or HHRA screening criteria in any surface water

samples.

d:\tinker\do6\annual.dft\annual.dft Rev | 4/24/96

5-10



5.2.2.2 PCBs and Chlorinated Pesticides

Aldrin was the only pesticide detected in surface water during the first year of quarterly
monitoring. Aldrin was detected in two surface water samples. The highest concentration of
aldrin (0.086 ug/kg) was detected in sample QE10-201. collected downstream of Douglas
Boulevard. on off-base East Soldier Creek. The sample was collected during the second
quarter sampling event in January 1995. When pesticides or PCBs were detected in an
analytical sample. a second column was run. The maximum result of the two columns were

reported for the pesticide or PCB concentration in an analytical sample.

PCB and pesticide concentrations did not exceed risk based screening criteria in any surface

water samples.
5.2.2.3  Semivolatiles

Ten semivolatiles compounds were detected in surface water samples collected during the
first year of quarterly monitoring. The semivolatile compounds detected were: 3/4-
methylphenol. 4-nitrophenol. benzoic acid. benzyl alcohol. bis(2-ethvlhexyl)phthalate.
diethyl phthalate. fluoranthene. N-nitroso-di-n-propylamine, phenanthrene, and phenol.
Phenol and bis(2-ethylhexyl)phthalate, each reported in nine surface water samples. were the
most frequently detected semivolatiles. Bis(2-ethylhexyl)phthalate is specified as a common

laboratory contaminants (EPA. 1994).

Semivolatile concentrations did not exceed risk based screening criteria in any surface water

samples.
5.2.2.4  Yolatiles

Eleven volatile compounds were detected in surface water during the first vear of quarterly
monitoring.  The volatile compounds detected were:  2-butanone (MEK). acetone,
bromoform, carbon disulfide, chlorobenzene, chloroform, methylene chloride.

tetrachloroethene, trichloroethene, toluene, and vinyl chloride.

The highest volatile compound concentration was methylene chloride (150 ug/L) detected in

sample QE09-201. This sample was collected just above the IWTP on East Soldier Creek,
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during the second quarter sampling event in January 1995. Methylene chloride was also the

most frequently detected volatile compound being reported in 59 surface water samples.

Volatiles concentrations did not exceed risk based screening criteria in any surface water

samples.
5.2.2.5 Tentatively Identified Compounds

A total of 147 TICs were detected in surface water during quarterly monitoring. The most
frequently detected TICs were 2H-Inbdol-2-one. 7-(diethylamino) and the class of
compounds called “Oxygenated Hydrocarbons™ which were both detected in 20 surface water
samples. Table B-19, Appendix B. presents the frequency of detection. maximum. minimum
and average concentrations for the TICs detected in surface water. The sample location at
which the maximum concentration of a TIC was detected is presented in Table B-20.

Appendix B.
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TABLE 5-1

CARCINOGENIC AND NON-CARCINOGENIC
BASELINE HEALTH RISK ASSESSMENT (BHRA) SCREENING CRITERIA FOR SEDIMENT

Compound Name

Non-Caracinogenic

Carcinogenic 10-6

Carcinogenic 10-4

Inorganics (mg/kg)

Arsenic 2. 10E+06
Mercury 6.20E+05
Barium 1.40E+08

Cadmium

1.O0E+06

Chromium 1.00L:+07
Manganesc 2. 10E+08
Nickel 4.10E+07
Silver 6.20E+06
Vanadium 1.40E+07
Zinc 4. 10E+08

Semivolatile Organics (ug/kg)

1.2-Dichlorobenzene

7.901:+08

I 4-Dichlorobenzene

1.001:+06

O0E+08

2.4-Dimethyiphenol

1.801:+08

2-Methylphenol

4.40kE+08

3/4-Methylphenol

+4.40E+08

Accenaphthence 3.80L+07

Anthracene 1.90L:+08

Benzo(a)anthracene 1.60L+03 1.60E~05
Benzo(aypyrene 1.60E+03 1.60E~03
Benzo(b)fluoranthene 1.60L+03 1.60E~03
Benzo(k)fluoranthene 1.60E+03 1.60E+03
bis(2-L:thylhexyly phthalate 1.30E+07 1.00E~+05 1.001+07
Buty! benzyl phihalate F.30E+08

Chrysene 1.601:+03 1.601+03
Dibenz(a.h)anthracene 1.20E+03 1.20E+07
Iluoranthene 2.50E+07

Fluorene 2.50E+07

Indeno(1.2.3-¢d)pyrene 1.20L:405 1.20F+07
Naphthalene 2.50E+06

Pyrene 1.90E+07

Volatile Organics (ug/kg)

Acetone 4.10E+07

Benzene 3.30E+04 3.30E+06
Carbon disulfide 5.70E+08

Chlorobenzene 8.30E+06

Chloroform 4.10E+06 1.60E+05 1.60E+07
cis-1.2-Dichloroethene

l:thylbenzene 5.70E+08

Methylene chloride 2.501+07 1.30E+03 1.30E:+07
T'ctrachlorocthene 4. 10E+06 1.90E+04 1.90E+06
Toluene 8.30E+07

trans-1.2-Dichlorocthence

‘Trichlorocthene 1.40F+06 1.40L+08

Vinyl acetate

5.70E+09

Xylenes (total)

8.30E+08
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TABLE 5-2

CARCINOGENIC AND NON-CARCINOGENIC
BASELINE HEALTH RISK ASSESSMENT (BHRA) SCREENING CRITERIA FOR SURFACE WATER

Compound Name Non-Caracinogenic Carcinogenic 10-6 Carcinogenic 10-4
Inorganics (mg/L)

Arsenic 8.10E+00

Barium 2.50E+02

Beryllium 1.50E+02

Cadmium 2.10E+00

Chromium 1.10E+01

Manganese 3.50E+02

Nickel 6.20E+01

Silver 3.50E+02

Vanadium 5.60E+02

Zinc 1.30E+03

Semivolatile Organics (ug/L)

Benzoic acid 1.00E+05

Chrysene 1.20E+03 1.20E+05
Fluoranthene 2.20E+04

Pyrene S.90E+06

Volatile Organics (ug/L)

1.1, 1-Trichloroethane 1.10E+03

Acetone S.00E+05

Benzene 2.00E+01 2.00E+03
Bromodichloromethane 8.40E-05 1.70E+03 1.70E+05
Bromotorm 1.90E+06 3.30E+04 3.30E+06
Carbon disutfide 5.30E+03

Chlorobenzene 1.30E+04

Chloroform 2.00E+04 7.60E+02 7.60E+04
cis-1.2-Dichloroethene

Dibromochloromethane 1.30E+06 2.00E+03 2.00E+05
Methylene chloride 1.70E+05 8.90E+02 8.90E+04
Tetrachloroethene 5. 70E+04 3. 10E+02 3.10E+04
Toluene 5.60E+03

trans-1.2-Dichloroethene

Trichloroethene 2.80E+02 2.80E+04
Xylenes (total) 1.10E+07
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TABLE 5-5
STATISTICAL EVALUATION OF ANALYTES DETECTED IN SEDIMENT SAMPLES

Frequency of Average Maximum Minimum
Compound Name Detection Result Result Result
Inorganics (mg/kg)
Aluminum 137 6864.45 23400 304
Antimony 13 7.31 9.8 4.5
Barium 137 610.96 4700 14.4
Beryllium 108 0.58 1.9 0.13
Cadmium 111 33.65 415 0.63
Calcium 137 39006.07 210000 471
Chromium 137 237.77 3210 6.7
Cobalt 132 11.22 126 1.3
Copper 137 91.18 2210 23
Iron 137 11531.68 28500 1160
Lead 126 108.88 4400 4.8
Magnesium 137 5308.63 30600 122
Manganese 137 438.14 4250 20.6
Molybdenum 79 8.95 62.6 0.56
Nickel 136 160.12 3160 1.7
Potassium 128 1055.52 4880 140
Silver 79 12.78 205 0.4
Sodium 27 366.14 1890 75.9
Vanadium 137 21.62 95.7 1.8
Zinc 137 146.59 1790 4.1
Arsenic 135 2.66 9 0.35
Mercury 64 0.27 0.9 0.063
Selenium 33 1.29 12 0.14
Thallium 14 0.17 (.38 0.0018
Pesticides and PCBs (ug/kg)
Aldrin 22 73.05 840 1.1
Aroclor 1254 80 3328.65 40000 33
Endosulfan sulfate 1 33.00 41 25
Endrin 1 1.65 2 1.3
Heptachlor 23 2872.89 52000 1.7
Heptachlor epoxide 2 123.00 210 36
Methoxychlor 1 18.00 19 17
alpha-BHC 1 1.85 2 1.7
alpha-Chlordane I 910.00 910 910
delta-BHC 4 91.33 370 1.1
Volatile Organics (ug/kg)
1,1.2.2-Tetrachloroethane 2 2.55 2.6 23
1.2 3-Trichloropropane 1 1.70 1.7 1.7
1.2-Dichloroethane 3 4.63 6.8 2.1
2-Butanone (MEK) 51 72.87 2900 1.3
2-Hexanonce 1 14.00 14 14
4-Methyl-2-pentanone “(MIBK) 1 5.00 5 5
Acctone 91 58.67 950 2.5
Acrolein 1 10.00 10 10
Acrylonitrile 2 3.35 45 2.2
Benzene bl 2.52 5.6 1.5
Carbon disulfide 21 5.77 21 1.2
Chlorobenzene 33 725.85 18000 1.4
Chloroform 1 2.50 2.5 2.5
Chloromethane 2 2.55 3.3 1.8
Ethylbenzene 4 10.78 35 2.3
Methylene chloride 97 14.75 600 1.3
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TABLE 5-5
STATISTICAL EVALUATION OF ANALYTES DETECTED IN SEDIMENT SAMPLES

Frequency of Average Maximum Minimum

Compound Name Detection Result Result Result
Tetrachloroethene 9 7.34 17 1.4
Toluene 34 44.53 1100 1.3
Trichlorocthene 7 15.31 77 1.7
Vinyl chloride 2 14.00 15 13
Xylenes (total) 6 16.25 84 1.7
trans-1.2-Dichloroethene 1 1.50 1.5 1.5
trans-I.4-Dichloro-"2-butene 1 1.20 1.2 1.2
Semivolatile Organics (ug/kg)

1,2-Dichlorobenzene 11 467.09 2200 48
1.3-Dichlorobenzene I 100.00 100 100
1.4-Dichlorobenzene 8 121.75 280 46
1-Chloronaphthalene 19 1062.63 5200 54
2.4-Dimethylphenol 5 122.20 350 50
2-Chloronaphthalene 14 456.57 1400 51
2-Methylnaphthalene 18 266.83 1200 42
3/4-Methylphenol 6 118.67 220 46
Acenaphthene 48 620.71 8000 41
Acenaphthylene 1 44.00 44 44
Acctophenone 2 107.50 130 85
Anthracene 65 1221.66 26000 49
Benzidine 2 295.00 430 160
Benzo(a)anthracene 95 2253.56 39000 41
Benzo(a)pyrene 93 2037.34 26000 46
Benzo(b)fluoranthene 97 272572 28000 40
Benzo(g.h.i)perylene 79 1277.23 17000 50
Benzo(k)fluoranthene 22 4398.36 39000 46
Benzoic acid 6 76.33 170 41
Butyl benzyl phthalate 9 1431.22 6000 43
Chrysene 103 2471.44 35000 40
Di-n-butyl phthalate S 1036.00 4600 130
Di-n-octy! phthalate 12 1165.50 11000 49
Dibenz(a.h)anthracene 31 845.87 10000 54
Dibenz(a,j)acridine 2 744.50 1400 89
Dibenzofuran 34 513.71 5500 46
Dimethyl phthalate 9 262.56 660 39
Fluoranthene 113 4081.84 53000 44
Fluorene 47 778.53 12000 55
Indeno(1,2,3-cd)pyrene 79 1228.06 19000 44
Isophorone 2 77.50 98 57
N-Nitrosodiphenylamine 2 100.00 150 50
Naphthalene 39 908.08 5900 50
Pentachlorophenol | 55.00 55 55
Phenanthrene 93 3525.13 58000 42
Phenol 1 63.00 63 63
Pyrene 109 4057.69 55000 44
|bis(2-Ethylhexy!)"phthalate 108 2566.92 23000 51
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TABLE 5-6

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS

FOR ANALYTES DETECTED IN SEDIMENT SAMPLES

Date Foot- | Detection %o
Compound Name Result Client Description Collected notes Limit Water
Inorganics (mg/kg)
Aluminum 23400 [SC-QW03-SD-201 01/17/95 25.5 61
Antimony 9.8 SC-QE07-SD-201 01/18/95 9.3 36
Barium 4700 [SC-QWO04-SD-403 07/10/95 1.3 20
Beryllium 1.9 |SC-QWO01-SD-103 11/03/94 0.23 12
Cadmium 415 |SC-QE09-SD-401 07/11/95 0.63 21
Calcium 210000 |SC-QE04-SD-401 07/12/95 47.5 16
Chromium 3210 |SC-QW04-SD-402 07/10/95 1.4 28
Cobalt 126 [SC-QW04-SD-402 07/10/95 1.4 28
Copper 2210 |SC-QW06-SD-401 07/10/95 25 20
Iron 28500 |SC-QW04-SD-403 07/10/95 12.6 20
Lead 4400 |SC-QW06-SD-401 07/10/95 6.2 20
Magnesium 30600 |SC-QE11-SD-401 07/11/95 23.9 16
Manganese 4250 |SC-QW04-SD-402 07/10/95 1.4 28
Molybdenum 62.6 |SC-QWO03-SD-201 01/17/95 5.1 61
Nickel 3160 |SC-QW03-SD-201 01/17/95 10.2 61
Potassium 4880 [SC-QWO01-SD-202 01/17/95 636 21
Silver 205 |SC-QW03-SD-201 01/17/95 2.6 61
Sodium 1890 |SC-QW04-SD-101 11/03/94 783 36
Vanadium 95.7 |SC-QW03-SD-201 01/17/95 2.6 6l
Zinc 1790 |SC-QW03-SD-201 01/17/95 5.1 61
Arsenic 9 SC-QW06-SD-401 07/10/95 0.62 20
Mercury 0.9 |SC-QW03-SD-201 01/17/95 0.26 61
Selenium 12 SC-QW03-SD-201 01/17/95 1.3 61
Thallium 0.38 |SC-QE08-SD-101 11/01/94 J 1.3 61
Pesticides and PCBs (ug/kg)
Aldrin 840 |SC-QE07-SD-301 04/12/95 &9 23
alpha-BHC 2 SC-QE11-SD-301 04/11/95 J 2.4 28
alpha-Chlordane 910 |SC-QEI11-SD-102 11/01/94 20 17
Aroclor 1254 40000 [SC-QE02-SD-301 04/13/95 5600 42
delta-BHC 370 [SC-QE07-SD-102 11/02/94 200 15
Endosulfan sulfate 41 SC-QE08-SD-301 04/12/95 M 15 57
Endrin 2 SC-QEO01-SD-101 11/02/94 J 3.9 15
Heptachlor 52000 |SC-QE07-SD-402 07/11/95 8100 16
Heptachlor epoxide 210 |SC-QE08-SD-202 01/18/95 22 22
Methoxychlor 19 SC-QEO1-SD-101 11/02/94 J 20 15
Volatile Organics (ug/kg)
1,1,2.2-Tetrachloroethane 2. SC-QE03-SD-101 11/02/94 J 5.8 13
1.2,3-Trichloropropane 1.7 |SC-QEQ01-SD-101 11/02/94 J 5.9 15
1.2-Dichloroethane 6.8 |SC-QE09-SD-302 04/11/95 6.5 23
2-Butanone (MEK) 2900 [SC-QE08-SD-301 04/12/95 B 2300 57
2-Hexanone 14 SC-QE08-SD-201 01/18/95 J 19 48
4-Methyl-2-pentanone “(MIBK) 5 SC-QE08-SD-201 01/18/95 J 19 48
Acetone 950 |SC-QE08-SD-301 04/12/95 J 2300 57
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TABLE 5-6

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS

FOR ANALYTES DETECTED IN SEDIMENT SAMPLES

Date Foot- | Detection %o
Compound Name Result Client Description Collected | notes Limit Water
Acrolein 10 SC-QE11-SD-402 07/11/95 J 110 11
Acrylonitrile 45 SC-QE11-SD-101 11/01/94 J 120 15
Benzene 5.6 [SC-QE02-SD-302 04/13/95 J 6.8 26
Carbon disulfide 21 SC-QE11-SD-103 11/01/94 6.0 16
Chlorobenzene 18000 |SC-QE08-SD-301 04/12/95 1200 57
Chloroform 2.5 SC-QE07-SD-202 01/18/95 J 6.4 22
Chloromethane 33 SC-QW04-SD-202 01/16/95 J 15 34
Ethylbenzene 35 SC-QW04-SD-303 04/13/95 J 63 21
Methylene chioride 600 |SC-QE08-SD-301 04/12/95 J 1200 57
Tetrachloroethene 17 SC-QE03-SD-301 04/13/95 6.1 19
Toluene 1100 |SC-QE11-SD-301 04/11/95 70 28
trans-1.2-Dichloroethene 1.5 SC-QW06-SD-301 04/13/95 J 6.1 18
trans-1.4-Dichloro-"2-butene 1.2 SC-QE01-SD-101 11/02/94 J 59 15
Trichloroethene 77 SC-QW04-SD-102 11/03/94 6.8 26
Vinyl chloride 13 SC-QW04-SD-202 01/16/95 15 34
Xylenes (total) 84 SC-QW04-SD-303 04/13/95 63 21
Semivolatile Organics (ug/kg)
1.2-Dichlorobenzene 2200 [SC-QE07-SD-302 04/12/95 840 22
1.3-Dichlorobenzene 100 |SC-QE07-SD-302 04/12/95 J 840 22
1.4-Dichlorobenzene 280 |SC-QE07-SD-302 04/12/95 J 840 22
1-Chloronaphthalene 3200 [SC-QE08-SD-102 11/01/94 J 7400 33
2.4-Dimethylphenol 350  [SC-QW04-SD-402 07/10/95 J 1800 28
2-Chloronaphthalene 1400 |SC-QEO08-SD-401 07/11/95 J 6200 47
2-Methylnaphthalene 1200 |SC-QE04-SD-401 07/12/95 J 3900 16
3/4-Methylphenol 220  |SC-QW04-SD-402 07/10/95 J 1800 28
Acenaphthene 8000 |SC-QE04-SD-401 07/12/95 3900 16
Acenaphthylene 44 SC-QW02-SD-401 07/10/95 J 390 16
Acetophenone 130 |SC-QW04-SD-303 04/13/95 J 830 21
Anthracene 26000 [SC-QE04-SD-401 07/12/95 3900 16
Benzidine 430 |SC-QW03-SD-202 01/17/95 J 3100 20
Benzo(a)anthracene 39000 [SC-QE04-SD-401 07/12/95 3900 i6
Benzo(a)pyrene 26000 |SC-QE04-SD-401 07/12/95 3900 16
Benzo(b)fluoranthene 28000 [SC-QE06-SD-102 11/02/94 3800 14
Benzo(g,h.i)peryiene 17000 |SC-QE04-SD-401 07/12/95 3900 16
Benzo(k)fluoranthene 39000 |SC-QE04-SD-401 07/12/95 3900 16
Benzoic acid 170 |SC-QE03-SD-101 11/02/94 J 2900 13
bis(2-Ethythexyl)"phthalate 23000 [SC-QE02-SD-302 04/13/95 4500 26
Butyl benzyl phthalate 6000 [SC-QEO05-SD-101 11/02/94 760 13
Chrysene 35000 [SC-QE04-SD-401 07/12/95 3900 16
Di-n-butyl phthalate 4600 [SC-QE06-SD-402 07/12/95 4300 23
Di-n-octyl phthalate 11000 |SC-QE02-SD-302 04/13/95 4500 26
Dibenz(a,h)anthracene 10000 |SC-QE04-SD-401 07/12/95 3900 16
Dibenz(a,j)acridine 1400 |SC-QE04-SD-401 07/12/95 - 16
Dibenzofuran 5500 [SC-QE04-SD-401 07/12/95 3900 16
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TABLE 5-6

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS

FOR ANALYTES DETECTED IN SEDIMENT SAMPLES

Date Foot- | Detection Yo
Compound Name Result Client Description Collected notes Limit Water
Dimethy! phthalate 660 |SC-QE02-SD-401 07/12/95 J 4100 20
Fluoranthene 53000 [SC-QE04-SD-401 07/12/95 3900 16
Fluorene 12000 [SC-QE04-SD-401 07/12/95 3900 16
Indeno(1,2,3-cd)pyrene 19000 [SC-QE04-SD-401 07/12/95 3900 16
Isophorone 98 SC-QE09-SD-301 04/11/95 J 500 34
N-Nitrosodiphenylamine 150  |SC-QE07-SD-202 01/18/95 J 850 22
Naphthalene 5900 |SC-QE04-SD-401 07/12/95 3900 16
Pentachlorophenol 55 SC-QWO01-SD-201 01/17/95 J 2200 27
Phenanthrene 58000 [SC-QE04-SD-401 07/12/95 3900 16
Phenol 63 SC-QW05-SD-201 01/16/95 J 400 17
Pyrene 55000 |SC-QE06-SD-102 11/02/94 3800 14

Footnotes B = Compound also is detected in blank I = Results below the reporting limit or is an estimated concentration

ND = Not Detected. M = Primary Result | = Tenative ID 2 = Confident ID z = Name longer than data field allows.
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TABLE 5-7

EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA
TO A DEPTH OF ONE FOOT

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location | Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QEO01 0-0.5 Benzo(a)anthracene 2,900 1,600 2,000 ND
Benzo(a)pyrene 2,200 1,100 2,200 ND
Benzo(b)fluoranthene 6,100 2,600 4,000 ND
Benzo(k)fluoranthene ND ND ND ND
Chrysene 5.200 1,900 2,200 ND
QEO02 0-0.5 Benzo(a)anthracene 1,100 750 11,000 6,800
Benzo(a)pyrene 930 720 9,800 6,300
Benzo(b)fluoranthene 2,100 1,600 ND 6,300
Benzo(k)fluoranthene ND ND 15,000 5,500
Chrysene 1,100 860 14,000 7,200
QEO02 0.5-1.0 Benzo(a)anthracene NS NS 13,000 NS
Benzo(a)pyrene NS NS 11,000 NS
Benzo(b)fluoranthene NS NS 20,000 NS
Benzo(k)fluoranthene NS NS ND NS
Chrysence NS NS 15,000 NS
QEO3 0-0.5 Benzo(a)anthracene 130 1.500 7,100 770
Benzo(a)pyrene 210 1,300 5.600 750
Benzo(b)fluoranthene 430 ND 11,000 1.400
Benzo(k)fluoranthene ND 2,800 ND ND
Chrysene 200 1,800 8,500 1.200
QEO03 0.5-1.0 Benzo(a)anthracene NS NS NS 3,200
Benzo(a)pyrene NS NS NS 2,800
Benzo(b)fluoranthene NS NS NS 3,400
Benzo(k)fluoranthene NS NS NS 2,600
Chrysene NS NS NS 3,900
QE04 0-0.5 Benzo(a)anthracene 42 NS 70 39,000
Benzo(a)pyrene ND NS 61 26,000
Benzo(b)fluoranthene 140 NS 150 ND
Benzo(k)fluoranthene ND NS ND 39,000
Chrysenc 93 NS 130 35,000
Indeno(1.2.3-cd)pyrene ND NS ND 19,000
QEO05 0-0.5 Benzo(a)anthracene 81 680 710 3,600
Benzo(a)pyrene 84 690 640 3,200
Benzo(b)fluoranthene 180 1.600 1,400 3,100
Benzo(k)fluoranthene ND ND ND 3,400
Chrysene 130 870 980 4,400
QEO06 0-0.5 Benzo(a)anthracene 1,100 130 8,100 8,200
Benzo(a)pyrene 920 100 7,400 8.800
Benzo(b)fluoranthene 2,000 300 10,000 9,800
Benzo(k)fluoranthene ND ND 4,700 9,300
Chrysene 1,200 200 9,300 11,000
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TABLE 5-7

EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA
TO A DEPTH OF ONE FOOT

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location | Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QE06 0.5-1.0 Benzo(a)anthracene 15,000 1,300 4,900 830
Benzo(a)pyrene 14,000 1.200 6,000 1,200
Benzo(b)fluoranthene 28,000 2,100 11,000 1,800
Benzo(k)fluoranthene ND ND ND ND
Chrysene 19,000 1,300 6.600 1,300
QEO07 0-0.5 Benzo(a)anthracene 1,100 2,000 2,300 720
Benzo(a)pyrene 830 2,200 2,200 670
Benzo(b)fluoranthene 1,600 3.900 3,800 1.300
Benzo(k)fluoranthene ND ND ND ND
Chrysene 1,200 2,000 2,200 1,000
QEO07 0.5-1.0 Benzo(a)anthracene 1,600 3,000 4,000 NS
Benzo(a)pyrene 1,400 2,700 2,600 NS
Benzo(b)luoranthene 2,600 4,900 4,500 NS
Benzo(k)luoranthene ND ND ND NS
Chrysene 1,800 3,300 3,300 NS
QEO08 0-0.5 Benzo(a)anthracene 2,200 2,100 11,000 1,900
Benzo(a)pyrene 2.200 1,800 7,700 1,700
Benzo(b)luoranthene 4,400 4,000 19.000 3,300
Benzo(k)fluoranthene ND ND ND ND
Chrysene 2,800 2,600 15,000 2,700
QEO08 0.5-1.0 Benzo(a)anthracene 1,300 270 ND 990
Benzo(a)pyrene 1,700 240 ND ND
Benzo(b)luoranthene 3,500 520 350 1,600
Benzo(k)fluoranthene ND ND ND ND
Chrysene 2,100 350 280 1.600
QE10 0-0.5 Benzo(a)anthracene ND NS ND 1.500
Benzo(a)pyrene ND NS ND 1,300
Benzo(b){luoranthene ND NS ND 2,300
Benzo(k)fluoranthene ND NS ND ND
Chrysene ND NS ND 2,100
QW02 0-0.5 Benzo(a)anthracene 560 600 360 1,900
Benzo(a)pyrene 660 700 430 1,400
Benzo(b)luoranthene 760 1,400 810 2,700
Benzo(k)fluoranthene 690 ND ND ND
Chrysenc 850 730 520 2,200
QW02 0.5-1.0 Benzo(a)anthracene 120 250 360 2,400
Benzo(a)pyrene 130 300 440 3,100
Benzo(b)fluoranthene 130 580 790 4,600
Benzo(k)luoranthene 130 ND ND 2,200
Chrysene 160 330 440 3,900
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TABLE 5-7

EXCEEDANCES OF BASELINE HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA
TO A DEPTH OF ONE FOOT

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location | Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QW03 0-0.5 Benzo(a)anthracene 110 980 ND 440
Benzo(a)pyrene ND 1,600 1,100 470
Benzo(b)fluoranthene 160 3,000 2,000 860
Benzo(k)fluoranthene ND ND ND ND
Chrysene 190 1,700 1.100 510
QW04 0-0.5 Benzo(a)anthracene 2.700 730 1.000 260
Benzo(a)pyrene 2,600 1,100 1,300 300
Benzo(b)fluoranthene 2,600 2,100 ND 650
Benzo(k)fluoranthene 2,400 ND 2,400 ND
Chrysene 3,000 1,200 1.200 360
QW04 05.-1.0 Benzo(a)anthracene 1.100 2,500 1,200 2.400
Benzo(a)pyrene 1.500 3.100 1.300 3.200
Benzo(b)fluoranthene 2,200 6.000 2.200 6,600
Benzo(k)fluoranthene ND ND ND ND
Chrysene 1.500 3,100 1,100 5,000
QW05 0-0.5 Benzo(a)anthracene 360 ND 3,500 ND
Benzo(a)pyrene 430 ND 2,100 ND
Benzo(b)fluoranthene 920 48 ND 65
Benzo(k)fluoranthene ND ND 5,300 ND
Chrysene 1,100 ND 3.700 51
Notes:

Shading indicates exceedance of 10-6 threshold himit. The 10-6 screening criteria is 1600 ug/kg for PAHs,

except for Indeno(1.2.3-cd)pyrene the screening critena is 12.000 ug/kg

NS - No sample obtained during the quarter

ND - Non-detect

tinker/dO6/annual dftY TREND XLW/NS-ND 2/12/96
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TABLE 5-8

EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10”° SCREENING CRITERIA

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QE02 0.5-1.0 Benzo(a)pyrene NS NS 11000 NS
QE04 0-0.5 Benzo(a)pyrene ND NS 61 26000
QLE06 0.5-1.0 Benzo(a)pyrene 14000 1200 6000 1200
QEO07 0-0.5 Heptachlor 120 1200 ND 52000
Notes:

NS - No sample obtained during the quarter
ND - Non-detect

Shading indicates exceedance of the following HHRA 10-5 screening criteria:

Heptachlor 17,156 ug/kg

Benzo(a)pyrene 10.575 ug/kg

tinker/d06/annual dftHHRATRND. XLW/10-5 2/12/96
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TABLE 5-9
EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10° SCREENING CRITERIA

Ist Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QEO1 0-0.5 Benzo(a)pyrene 2200 1100 2200 ND
QE02 0-0.5 Benzo(a)anthracene 1100 750 11000 6800
Benzo(a)pyrene 930 720 9800 6300
Dibenz(a.h)anthracene ND ND 1500 1600
QEO02 0.5-1.0 Benzo(a)anthracene NS NS 13000 NS
Benzo(a)pyrene NS NS 11000 NS
Benzo(b)fluoranthene NS NS 20000 NS
Dibenz(a.h)anthracene NS NS 1300 NS
QEO03 0-0.5 Benzo(a)pyrene 210 1300 5600 750
Benzo(b)tluoranthene 430 ND 11000 1400
QEO3 0.5-1.0 Benzo(a)pyrene NS NS NS 2800
QEO04 0-0.5 Benzo(a)pyrene ND NS 6l 26000
Benzo(a)anthracene 42 NS 70 39000
Dibenz(a.h)anthracene ND NS ND 10000
Indeno(1,2,3-cd)pyrene ND NS ND 19000
QEO05 0-0.5 Benzo(a)pyrene 84 690 640 3200
QE06 0-0.5 Benzo(a)pyrene 920 100 7400 8800
Dibenz(a.h)anthracene ND ND 1100 2200
QE06 0.5-1.0 Benzo(a)anthracene 15000 1300 4900 830
Benzo(a)pyrene 14000 1200 6000 1200
Benzo(b)fluoranthene 28000 2100 11000 1800
QE06 > ] Benzo(a)pyrene 3100 850 NS 920
QE07 0-0.5 Aldrin 57 ND 840 ND
Benzo(a)pyrene 830 2200 2200 670
Heptachlor 120 1200 ND 52000
QE07 0.5-1.0 Aldrin ND ND 650 NS
Benzo(a)pyrene 1400 2700 2600 NS
QEO7 B Benzo(a)pyrene 2600 NS 270 NS
QEO08 0-0.5 Benzo(a)anthracene 2200 2100 11000 1900
Benzo(a)pyrene 2200 1800 7700 1700
Benzo(b)fluoranthene 4400 4000 19000 3300
Dibenz(a.h)anthracene 54 ND 1600 ND
QEO8 0.5-1.0 Benzo(a)pyrene 1700 240 ND ND
QE09 > ] Heptachlor ND 36 ND 3100
QEIO 0-0.5 Benzo(a)pyrene ND NS ND 1300
QW02 0-0.5 Benzo(a)pyrene 660 700 430 1400
QW02 0.5-1.0 Benzo(a)pyrene 130 300 440 3100

tinker/dot/annual dAfy HHRATRND . XLW/10-6 2/12/96
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TABLE 5-9
EXCEEDANCES OF HUMAN HEALTH RISK ASSESSMENT 10°* SCREENING CRITERIA

1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
Sample Sampling Analyte Nov 1994 Jan 1995 April 1995 July 1995
Location Interval (ft) Detections Detections Detections Detections
(ug/kg) (ug/kg) (ug/kg) (ug/kg)
QW03 0-0.5 Benzo(a)pyrene ND 1600 1100 470
QW03 0.5-1.0 Benzidine NS 430 ND ND
QW04 0-0.5 Benzo(a)pyrene 2600 1100 1300 300
QW04 0.5-1.0 Benzo(a)pyrene 1500 3100 1300 3200
QW04 > 1 Benzo(a)pyrene 3100
QW03 0-0.5 Benzo(a)pyrene 2100
Notes:

NS - No sample obtained during the quarter

ND - Non-detect

Shading indicates exceedance of the following HHRA 10-6 screening criteria:
Aldrin 454 ug/kg

Heptachlor 1715 ug/kg

Benzidine 420 ug/kg

Benzo(a)anthracene 10575 ug/kg

Benzo(a)pvrene 1.057 ug/kg

Dibenz(a.hjanthracene 1.0575 ug/kg

,,

Indeno(1.2.3-cd)pyrene 10.575 ug/kg

tinker/do6/annual dfYHHRATRND XLW/10-6 2/12/96 20f2
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TABLE 5-

11

STATISTICAL EVALUATION OF ANALYTES DETECTED
IN SURFACE WATER SAMPLES

Maximum
Compound Name Frequency of Detection | Average Result Result Minimum Result
Inorganics (mg/L)
Aluminum 40 02745 4.3 0.025
Barium 59 0.3663 0.68 0.13
ICadmium 2 0.0049 0.0061 0.0036
[[Caicium 59 52.2475 99.6 23.7
Chromium 30 0.0435 0.52 0.0058
Cobalt 5 0.0113 0.031 0.004
Copper 59 0.0419 0.3 0.0032
fron 58 0.3106 3.4 0.037
Magnesium 59 22.6556 457 3.1
Manganese 59 0.0681 (.44 0.0042
Molybdenum 42 0.1395 0.57 0.014
Nickel 17 0.0461 0.33 0.0095
Potassium 58 2.8638 5.7 0.94
Sodium 58 42.9759 203 29
Vanadium 48 0.0137 0.03 0.0053
Zinc 59 0.0239 0.068 0.005
Arsenic 34 0.0018 0.0035 0.001
Lead 25 0.0040 0.03 0.001
Mercury 1 0.0002 0.00018 0.00018
Selenium S 0.0034 0.0041 0.0024
Thallium 2 0.0012 0.0012 0.0011
Pesticides and PCBs (ug/l.)
Aldrin 2 0.06 0.086 0.032
Volatile Organics (ug/L.)
2-Butanone (MEK) 2 2.25 2.8 1.7
Acetone 18 7.73 12 4.6
Bromoform 9 1.82 2.6 1.2
Carbon disulfide 1 1.00 1 |
Chlorobenzenc 1 1.80 1.8 1.8
Chloroform 2 1.60 1.8 1.4
Methylene chloride 40 8.46 150 |
Tetrachlorocthene 6 4.45 11 1.2
Toluene 3 1.40 1.7 1.1
Trichloroethence 4 5.03 14 1.4
Vinyl chloride 1 1.00 | |
Semivolatile Organics (ug/L)
3/4-Methylphenol 2 1.50 i.7 1.3
4-Nitrophenol R 1.54 2 12
Benzoic acid 5 2.60 39 1.3
Benzyl alcohol 3 1.30 1.7 !
Dicthyl phthalate 1 1.20 1.2 1.2
Fluoranthene 2 1.35 1.5 1.2
N-Nitroso-di-"n-propylamine | 1.80 1.8 1.8
[Phenanthrene 1 1.60 1.6 1.6
{{Phenol 9 1.74 3.5 1
[[bis(2-Ethylhexyl)"phthalate 9 2.27 1.6 094

tinker/d06/annual dfUSWSTAT XLW/SWSTAT 2/12/96
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TABLE 5-12

MAXIMUM DETECTED CONCENTRATIONS AND ASSOCIATED SAMPLE LOCATIONS
FOR ANALYTES DETECTED IN SURFACE WATER SAMPLES

Compound Name Result [Client Description Date Collected Footnotes Detection Limit
Inorganics (mg/L)
Aluminum 4.3 |SC-QW04-SW-101 11/04/94 0.10
Barium 0.68 [SC-QE02-SW-401 07/12/95 0.010
Cadmium 0.0061 |SC-QE09-SW-201 01/18/95 0.0050
Calcium 99.6 |SC-QE02-SW-401 07/12/95 0.20
Chromium 0.52  |SC-QE09-SW-201 01/18/95 0.010
Cobalt 0.031 [SC-QW03-SW-101 11/03/94 0.010
Copper 0.3 |SC-QE02-SW-401 07/12/95 0.020
Iron 3.4 |SC-QW04-SW-101 11/04/94 0.10
Magnesium 45.7 |SC-QE02-SW-401 07/12/95 0.20
Manganese 0.44 |SC-QW04-SW-301 04/13/95 0.010
Molybdenum 0.57  |SC-QE03-SW-101 11/02/94 0.020
Nickel 033 ISC-QW03-SW-101 11/03/94 0.040
Potassium 5.7 |SC-QE02-SW-401 07/12/95 5.0
Potassium 5.7  |SC-QE10-SW-101 11/01/94 3.0
Sodium 203 |SC-QE10-SW-101 11/01/94 5.0
Vanadium 0.03  |SC-QE02-SW-401 07/12/95 0.010
Zinc 0.068 [SC-QW04-SW-101 11/04/94 0.020
Arsenic 0.0035 |SC-QW04-SW-201 01/16/95 J 0.0050
Lead 0.03  |SC-QE04-SW-201 01/19/95 0.010
Mercury 0.00018 |SC-QE09-SW-201 01/18/95 J 0.00020
Selenium 0.0041 [SC-QE02-SW-201 01/19/95 J 0.010
Selenium 0.0041 |SC-QE11-SW-301 04/11/95 J 0.0050
Thallium 0.0012 ISC-QE11-SW-301 04/11/95 J 0.010
Pesticides and PCBs (ug/L)
Aldrin 0.086 [SC-QE10-SW-201 01/17/95 0.050
Volatile Organics (ug/L)
2-Butanone (MEK) 2.8  |SC-QE06-SW-101 11/02/94 J 10
Acetone 12 SC-QE02-SW-401 07/12/95 10
Bromoform 2.6 |SC-QE03-SW-301 04/13/95 J 5.0
Carbon disultide 1 SC-QWO03-SW-201 01/16/95 J 5.0
Chlorobenzene 1.8 SC-QW04-SW-201 01/16/95 J 5.0
Chloroform 1.8 |SC-QE02-SW-201 01/19/95 J 5.0
Methylene chloride 150 |SC-QE09-SW-201 01/18/95 5.0
Tetrachloroethene 11 SC-QW04-SW-101 11/04/94 5.0
Toluene 1.7 |SC-QW02-SW-301 04/14/95 J 30
Trichloroethene 14 SC-QW04-SW-201 01/16/95 5.0
Vinyl chloride 1 SC-QW04-SW-201 01/16/95 J 10
Semivolatile Organics (ug/L.)
3/4-Methylphenol 1.7 |SC-QW02-SW-301 04/14/95 J 10
4-Nitrophenol 2 SC-QE08-SW-201 01/18/95 J 50
Benzoic acid 3.9 |SC-QE02-SW-401 07/12/95 J S0
Benzyl alcohol 1.7 [SC-QE06-SW-201 01/18/95 J 10
bis(2-Ethylhexyl) phthalate 4.6 |{SC-QE05-SW-401 07/12/95 J 10
"Dicthyl phthalate 1.2 |SC-QE02-SW-401 07/12/95 J 10
Fluoranthene 1.5 |SC-QE07-SW-201 01/18/95 J 10
IN-Nitroso-di-"n-propylamine 1.8 SC-QW04-SW-101 11/04/94 J 10
Phenanthrene 1.6 |SC-QE07-SW-201 01/18/95 J 10
iPhenol 3.5  [SC-QE06-SW-201 01/18/95 J 10

Footnotes: B = Compound also is detected in blank. J = Results below the reporting limit or is an estimated concentration.
ND = Not Detected. M = Primary Result. 1 = Tenative ID. 2 = Confident ID. z = Name longer than data field allows
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TABLE 5-13

COMPARISON OF QUARTERLY MONITORING MAXIMUM ANALYTE CONCENTRATIONS
WITH RI RESULTS IN SURFACE WATER

First Second Third Fourth
Phase [ Phase I1
Analytes RI RI Quarter | Quarter | Quarter | Quarter
(Nov 1994)| (Jan 1995)| (Apr 1995)| (Jul 1995)
Metals (mg/L) |
Aluminum 743 43 | 055 0.7 0.15
Antimony | ; T
Arsenic ~0.0098 .~ 0.0026 | 0.0035 0.0024 ~ 0.0031 |
Barium .19 061 - 0.46 044 0.68
Beryllium - 0.001 ’ -
Boron - i *T | T
Cadmium 0.0569 0.0094 = 0.0036 = 0.006] -
Calcium 117 924 | 744 612 99.6
Chromium T 0.628 0.0369 0.039 052 | 0.031 = 0056
Cobalt 0.324 o 0031 | 0.0068 0008 |
Copper 0.985 B 0.11 10.08 10.098 0.3
Iron 455 - 34 13 14 028 |
Lead 0.325 | 0.0345 0.0066 ~  0.03  0.0054 00048 |
Magnesium 408 443 333 299 457
Manganese o 3.06 035 T o3 044 014
Mercury e - o 000018 T
Molybdenum B £ A B E A - R
Nickel 3.56 033 ' 0.093 = 0.033 0.016
Potassium 6.68 57 s a5 T s7
Selenium 0.0209 0.0036 0.0041 © 0.0041  0.0024
Silver 00131 B | o -
Sodium 130 203 . 106 123 11
Thallium I 0.0012 -
e I R S .
Vanadium 0.067 0.028 0018 0017 003
Zinc 24 0.068  0.044 . 0.034 0.032
PCB's and Chlorinated Pesticides o T
(ug/L)
4.4-DDD T
4.4'-DDE -
4.4-DDT R
Aldrin 008 ,
alpha-BHC | ; - ]
alpha-Chlordane ' ‘ B -
Aroclor 1016 -
Aroclor 122] -
Aroclor 1232 | I
Aroclor 1242 ‘
Aroclor 1248 T
Aroclor 1254 -
Aroclor 1260 T
beta-BHC o ]
delta-BHC a o
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TABLE 5-13

COMPARISON OF QUARTERLY MONITORING MAXIMUM ANALYTE CONCENTRATIONS
WITH RI RESULTS IN SURFACE WATER

Analytes

Phase I
RI

Phase I1
RI

First
Quarter
(Nov 1994)

Second
Quarter
(Jan 1995)

Third
Quarter
(Apr 1995)

Fourth
Quarter
(Jul 1995)

Dieldrin

Endosulfan I

Endosulfan 11

Endosulfan sulfate

Erndrin

é@ﬂma-BHC (Lindane)

camma-Chlordane

S S

Heptachlor

Heptachlor epoxide

Methoxychlor

Toxaphene

YOlatile Organics (ug/L)

Acetone

Acrolein

Aaylonitrile
Benzene

Bromodichloromethane

Bromoform

Bromomethane

2-Butanone (MEK)

Carbon disulfide

Carbon tetrachloridf;

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

Dibromochloromethane

Dibromomethane

trans- 1.4-Dichloro-2-butene

Dichlorodifluoromethane

1,1-Dichloroethane

1,2-Dichloroethane

1 ,1-Dichloroethene

T,@-Dichloropropane

cis-1.3-Dichloropropene

trans-1,3-Dichloropropene

Ethylbenzene

Ethyl methacrylate

!‘odom ethane

2-Hexanone

Methylene chloride

4-Methyl-2-pentanone (MIBK)

Styrene

‘ 1,1,1,2-Tetrachioroethane
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TABLE 5-13
COMPARISON OF QUARTERLY MONITORING MAXIMUM ANALYTE CONCENTRATIONS
WITH RI RESULTS IN SURFACE WATER

First Second Third Fourth
Phase I Phase I1
Analytes RI RI Quarter | Quarter Quarter Quarter
(Nov 1994)| (Jan 1995)| (Apr 1995)| (Jul 1995)

1,1,2,2-Tetrachloroethane ,
Tetrachloroethene 3 6 11 7.6 21
Toluene 1 5 14
1,1,1-Trichloroethane 2 5
1.1,2-Trichloroethane 2

Trichlorethene j i 3.1 | 14 ‘ 1.6
Trichlorofluoromethane | | |
1,2,3-Trichloropropane ‘
Vinyl acetate :
Vinyl chloride ‘ | 1
Xylenes (total) |
trans- 1.2-Dichloroethene
Ethano!
2-Chlorethyl vinyl ether

t9

Semivolatile Organics (ug/L)
Acenaphthene

Acenaphthylene

Acetophenone

4-Aminobiphenyl

Aniline

Anthracene

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene 6
Benzo(a)pyrene ‘
Benzyl alcohol ; 1.7 1.2
4-Bromophenyl phenyl ether ‘
Butyl benzyl phthalate | 1
4-Chloroaniline * |
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl)ether
4-Chloro-3-methylphenol
2-Chloronaphthalene

2-Chlorophenol

4-Chlorophenyl pheny! ether ‘
Chrysene S
bibenz(a,h,)anthracene

Dibenzofuran

Di-n-butyl phthalate

1.2-Dichlorobenzene ‘ ‘
1.3-Dichlorobenzene :
1.4-Dichlorobenzene

tinker/do6/annual dfty COMPARE XL S/sw-cmp 3of3



TABLE 5-13

COMPARISON OF QUARTERLY MONITORING MAXIMUM ANALYTE CONCENTRATIONS
WITH RI RESULTS IN SURFACE WATER

Analytes

Phase 1
RI

Phase 11
RI

First
Quarter
(Nov 1994)

Second
Quarter
(Jan 1995)

Third
Quarter
(Apr 1995)

Fourth
Quarter
(Jul 1995)

3,3'-Dichlorobenzidine

2,4-Dichlorophenol

2,6-Dichlorophenol

Diethyl phthalate

p-Dimethylaminoazobenzene

7,12-Dimethylbenz(a)-anthracene

a,a-Dimethylphenethyl-amine

2,4-Dimethyliphenol

Dimethyl phthalate

4.6-Dinitro-2-methylphenol

5,4-Dinitrophenol

2.4-Dinitrotoluene

2,6-Dinitrotoluene

@-n-octyl phthalate

Diphenylamine

bis(2-Ethylhexyl)phthalate

Ethyl methanesulfonate

Fluoranthene

Fluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

Hexachloroethane

Indeno(1,2,3-cd)pyrene

Isophorone

3-Methylcholanthrene

Methyl methanesulfonate

2-Methylnaphthalene

2-Methylphenol

3/4-Methylphenol

Naphthalene

I-Naphthylamine

2-Naphthylamine

3-Nitroaniline

4-Nitroaniline

Nitrobenzene

2-Nitrophenol

4-Nitrophenol

1.7

IN-Nitroso-di-n-butylamine

IN-Nitrosodiphenylamine

[N-Nitroso-di-n-propylamine

IN-Nitrosopiperidine

Pentachlorobenzene

Pentachloronitrobenzene

Pentachlorophenol
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TABLE 5-13

COMPARISON OF QUARTERLY MONITORING MAXIMUM ANALYTE CONCENTRATIONS

WITH RI RESULTS IN SURFACE WATER

Analytes

Phase |
RI

Phase 11
RI

First
Quarter
(Nov 1994)

(Jan 1995)

Second
Quarter

Third
Quarter
(Apr 1995)

(Jul 1995)

Fourth
Quarter

Phenacetin

Phenanthrene

}_)henol

2-Picoline

Pronamide

Pyrene

1.2.4.5-Tetrachloro-benzene

2.3,4.6-Tetrachlorophenol

1,2.4-Trichlorobenzene

2,4,5-Trichlorophenol

2.4,6-Trichlorophenol

Benzidine

1-Chloronaphthalene

@benz(a,j)acridine

Azobenzene

Benzoic acid

0.4
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6.0
REVIEW OF GROUNDWATER

The RI investigated groundwater and surface water/groundwater interaction of the Soldier
Creek Off-Base Groundwater Operable Unit of the Building 3001/Soldier Creek NPL site.
Field work for the investigation was conducted from May 1994 through June 1995. The

following discussion summarizes findings of the RI performed by PES (1995).
6.1 GROUNDWATER/SURFACE WATER INTERACTION

Measurements of stream discharge. vertical hvdraulic conductivity. and hydrogeologic data
were used to determine how East and West Soldier Creeks interact with the near-surface and
underlying aquifer zones. Seasonal baseflow into and out of East and West Soldier Creeks.
along gaining and losing segments of the creek. was also estimated. To determine the
hydraulic interaction between East and West Soldier Creeks and the underlving groundwater
flow system. stream discharge was determined at eight gauging stations. six streambed
piezometer clusters consisting of three piezometers were installed and six measurements of

streambed permeability were completed (PES. 1995).

To examine gains or losses, East and West Soldier Creeks were broken up into segments.
Relative gains or losses for each segment of the two creeks were based on low flow data.
West Soldier Creek is a gaining stream from September through March. During the months
of April through August, West Soldier Creek is a losing stream. East Soldier Creek is

generally a losing stream from its headwaters at SE 44th Street to [-40.

Results of the streambed piezometric measurements indicated that East Soldier Creek. just
upstream of the confluence with Tributary B, fluctuated from losing to gaining stream
between January and April. West Soldier Creek remained a gaining stream from J anuary to
April.

Streambed permeability measurements indicated that the hydraulic conditions along East and
West Soldier Creeks, within the sediment and surface water quarterly monitoring study area.

are dominated by extremely low hydraulic gradients and relatively impermeable substrate.

d:tinker\do6\annual dft\annual.dft Rev 1 4/24/96
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Influent reaches of the creek were estimated using stream discharge data. the vertical
permeability measurement data, and potentiometric surface data from the aquifer. FEast
Soldier Creek surface water stage elevations were above the aquifer potentiometric surface
level from the headwater at SE 44th Street to about the confluence with Tributary B,
indicating that this portion of the creek loses water. assuming sufficient permeability. Along
West Soldier Creck, off-base stage data indicates the creek is losing water to the aquifer,

assuming sufficient permeability.
6.2 ANALYTICAL

Figure 6-1 illustrates the location of groundwater monitoring wells near East and West
Soldier Creeks sampled during the RI (PES, 1995). These monitoring wells were grouped
into three categories based on their location, on-base East Soldier Creek. off-base East
Soldier Creek. and on-base West Soldier Creek. No monitoring wells were sampled off-base
West Soldier Creek during the RI. Tables 6-1 through 6-3 present the analytes detected in
both groundwater and sediment for on-base East Soldier Creek. off-base East Soldier Creek.
and on-base West Soldier Creek. respectively. Analysis from the RI and subsequent
groundwater monitoring in June. August and November 1995 (Brown and Root. 1996) are
compared by region to the maximum sediment results detected during the first vear of

quarterly monitoring of East and West Soldier Creeks in these tables.

Ten norganic analytes were detected in both the sediment and groundwater of on-base East
Soldier Creek. One pesticide analyte, four semivolatile and six volatile compounds also were
detected in both the sediment and groundwater of on-base East Soldier Creek (Table 6-1).
The only analytes which were detected in both sediment and groundwater off-base East
Soldier Creek were eight inorganics (Table 6-2). Six inorganic analytes were detected in the
sediment on-base West Soldier Creek (Table 6-3). Two semi-volatile organics compounds
and three volatile organic compounds also were detected in both sediment and groundwater

of on-base West Soldier Creek.

d:\tinker\do6\annual dft\annual.dft Rev | 4/24/96 6-2
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7.0
CONCLUSIONS

Sediment analyte concentrations from the first year of quarterly monitoring did not exceed
the 10™ screening criteria set forth in the BHRA and the HHRA. Therefore, according to the
ROD, because contaminants of concern did not exceed the 107 screening criteria another

alternative for remediation does not need to be evaluated (B&V. 1993b).

BHRA 10° screening criteria were exceeded by six PAHs (benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene. chrysene. and indeno(1,2.3-
cd)pyrene), HHRA 107 screening criteria were exceeded by one pesticide (heptachlor). and
one PAH (benzo(a)pyrene). and HHRA 107 screening criteria were exceeded by two
pesticides (aldrin and heptachlor) and six semivolatiles (benzidine. benzo(a)anthracene.
benzo(b)fluoranthene. benzo(a)pyrene. dibenz(a.h)anthracene. and indeno(1.2.3-cd)pyrene).
Based on the ROD. exceedance of these 10~ and 10 screening criteria may potentially

indicate a need to evaluate if the exposure is unacceptable.

Due to the sampling methodology. care must be taken when drawing inferences on temporal
trends of compound concentrations during the first year of quarterly monitoring. However,
several trends in the detected analytes from sediment samples appear to be present in the first

year of quarterly monitoring.

* Upward trends appear to have occurred in PAH concentrations during the first year of

quarterly monitoring.

® The detected PAH concentrations in the sediment appear to follow the same trend (e.g..
an increase in one PAH compound is associated with increases in the other detected PAH
compounds). These relationships suggest that the PAHs detected within each segment

have a common source of origin for that segment.

e The sampling quarter with the highest concentration of the PAH concentrations in the
sediment varies between the sampling segments. This relationship suggests that multiple

origins for PAHs could exist.
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e Analyte concentrations are seen to decrease off-base as compared to on-base.

Surface water analyte concentrations from the first year of quarterly monitoring did not

exceed any of the screening criteria set forth in the BHRA and the HHRA.

The results of the HHRA were compared to those presented in the BHRA. Despite slight
differences in approach, both risk assessments concluded that there are no unacceptable
cancer risks or non-carcinogenic hazards associated with exposure to East or West Soldier
Creeks for any on-base or off-base populations, under current of future stream use conditions.

Thus no remedial action appears to be warranted based on risks to human health.
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0.0
EXECUTIVE SUMMARY

An evaluation of risks associated with Soldier Creek surface water and sediments was
previously performed by Black & Veatch Waste Science Technology (B&V, 1993). Since the
time of the original risk assessment, additional information on the nature and extent of stream
contamination has been collected, including additional sediment and surface water sampling,
as well as information on pesticides and PCBs not previously evaluated. The purpose of the
present risk assessment (RA) is to provide information on potential current and future risks
based on current surface water and sediment contaminant levels. to compare the results with
those of B&V to see if the previous conclusions are still valid. and to develop cleanup goals

for stream sediments that are protective of human populations.

This RA is performed using guidance provided in the Risk Assessment Guidance for
Superfund - Part A (USEPA. 1989a) and Part B (USEPA. 1991b), Exposure Factors
Handbook (USEPA. 1989b). Standard Default Exposure Factors (USEPA. 1991a), Dermal
Exposure Assessment: Principles and Applications (1992a), and USEPA Supplemental
Region IV Risk Assessment Guidance. (1991¢). Environmental data obtained from surface
water and sediment samples collected by Woodward-Clyde in the first four quarterly
sampling events (WCFS. 1994), supplemented with chemical data from sediment samples
collected by Parson Engineering Science (1995) were used in this RA. In addition. the RA
made use of recent USEPA databases. including the Integrated Risk Information System
(IRIS; USEPA. 1995), Health Effects Assessment Summary Tables (HEAST; USEPA 1992b
and 1994); EPA Region III Risk-Based Concentration Table (EPA Region III, 1994) and
Drinking Water Regulation and Health Advisories (USEPA., May 1995).

Based on differences in contaminant sources and exposed populations, the following four

stream segments were evaluated in this risk assessment:

° West Soldier Creek, on-base
. West Soldier Creek, off-base
) East Soldier Creek, on-base
. East Soldier Creek, off-base

FADOOVANNUAL.DFT\HHRA2.DOC  4/23/96 0-1



The chemicals of potential concern identified include metals, PCBs. chlorinated pesticides.
volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs). An
evaluation of potential health risks was performed for a group of exposure scenarios believed
to represent potential forms of human activities that could occur at these areas. These

exposure scenarios include the following:

. Construction workers involved in repair or installation of underground
pipelines around or under on-base portions of the creeks; and

J Residents wading or swimming in the off-base portion of West and East
Soldier Creeks. (Swimming was only evaluated for the child scenario for East
Soldier Creek; all other scenarios assume wading only).

Potential health risks associated with surface water and sediment exposure were evaluated for
both on-site construction workers and off-site residents.  The results of the risk
characterization indicate that potential cancer risks and non-carcinogenic health hazards for
all scenarios are less than the advisory range of 10 to 10™ and 1.0, respectively. These
results indicate that exposure to surface water and sediments in West and East Soldier Creeks
is not likely to result in an unacceptable cancer risk or non-carcinogenic hazard for any on-

base or off-base populations under current or future stream use conditions.

The results of this current risk assessment were compared to those presented in the previous
baseline risk assessment prepared by B&V (1993).  The following differences in

approaches/assumptions were noted between these two documents:

. The current RA evaluated PCBs/chlorinated pesticides as potential COCs.
The RA prepared by B&V did not include these data;

. The individual stream segments, evaluated in the B&V RA are not identical to
the segments evaluated in the current RA (the stream segments evaluated in
the current RA are thought to be more representative of actual stream use);
and

. Some ot the exposure assumptions used in current RA are different than those
used in B&V RA (e.g., the current RA uses age-corrected surface area for

FADOGMANNUAL.DFT\HHRA2.DOC  4/23/96 0-2



evaluating exposure to surface water and sediments; B&V RA values were not
age corrected, which was not required at that time).

Despite these slight difference in approach, both RAs concluded that there are no
unacceptable cancer risks or non-carcinogenic hazards associated with exposure to West or
East Soldier Creeks for any on-base or off-base populations, under current or future stream

use conditions. Thus no remedial action appears to be warranted based on risks to human
health.

As part of the risk assessment. a set of cleanup goals was developed to identify health-
protective levels for each COC. Although remediation does not appear to be warranted at the
present time (based on risk to human health), these cleanup goals provide a set of “action

criteria”, should remedial action be required in the future.
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1.0
INTRODUCTION

The purpose of a risk assessment (RA), as defined by USEPA, is to “provide a framework for
developing the risk information necessary to assist decision-making at remedial sites™ (Risk
Assessment Guidance for Superfund;: RAGS: USEPA, 1989a). As such. this document
specifically addresses potential risks associated with exposure to surface water and sediment
from portions of East and West Soldier Creek that may have been impacted by contaminant
releases from Tinker Air Force Base (AFB).

The organization of this risk assessment follows the basic structure presented in RAGS. In
addition, a section has been included on the development of Remedial Action Objectives

(RAOs). The individual sections of the risk assessment consist of the following:

. A discussion of pertinent site background information

. Identification of site-specific chemicals of concern for each of the four stream
segments under investigation

. An exposure assessment that identifies potentially exposed populations and
the exposure parameters used to quantify chemical uptake by those
populations

. An assessment of the toxic properties of the chemicals of concern

. An estimation of the potential cancer risks and non-carcinogenic health

hazards for exposed populations

o Development of RAOs for those chemicals of concern estimated to pose an
unacceptable risk or hazard to potentially exposed populations

. An analysis of uncertainties associated with each of the steps of the risk
assessment, and the likely impact of these uncertainties on the results and
conclusions of the risk assessment

. Conclusions and recommendations
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1.1 SITE DESCRIPTION

As illustrated on Figure 1-1, Tinker Air Force Base (AFB) is located within the corporate
limits of Oklahoma City, Oklahoma, approximately seven miles east-southeast of Oklahoma
City’s metropolitan area. The base is bounded by Midwest City on the north, Del City on the
northwest and Oklahoma City on the east, south and southwest. The boundaries of Tinker
are defined by Sooner Road to the west, Douglas Boulevard to the east, Southeast 29th Street
to the north and Southeast 74th Street to the south. Midwest City and Del City are heavily
populated with residential and commercial areas. The area under Oklahoma City jurisdiction
is lightly developed residential. Tinker AFB lies within an area representing a transition
from residential and industrial/commercial land use on the north and west to agricultural land

use to the east and south.

The principle surface water drainage ways for Tinker AFB are Crutcho, Kuhlman. and
Soldier Creeks (Figure 1-2). The main portion of Soldier Creek is located to the cast of
Tinker AFB. flowing to the north from its headwaters near Southwest 59th Street to its
confluence with Crutcho Creek. Two tributaries (West and East Soldier Creek) originate on
the Base. For the purpose of this risk assessment, the tributary of Soldier Creek east of
Building 3001 is named East Soldier Creek and the tributary west of Building 3001 is named
West Soldier Creek. From its origin north of Building 3705. East Soldier Creek flows
northward along the east side of Building 3001. past the Industrial Wastewater Treatment
Plant (IWTP), to its confluence with Soldier Creek approximately one mile downstream.
West Soldier Creek originates on the west side of Building 3001 and flows northward to its

confluence with Soldier Creek approximately two miles downstream.

As identified in the Workplan (WCFS. 1994), the current scope of investigation includes
those portions of East and West Soldier Creeks from their points of origin extending to their
intersection with Interstate 40 north of the base. Study area boundaries were identified based
on the Remedial Investigation (RI) (B&V, 1993). Data from the RI indicated that a
contaminant concentration gradient exists to a point just south (upstream) of the study

boundary. The study area boundary was established based on the following criteria:
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. Limits of measurable levels of contaminants (as compared to background

locations)
. Area of such size that a definitive assessment could be performed
o Allowance for source identification

Because the contaminants and contaminant sources for East Soldier Creek differ from West
Soldier Creek, these streams are evaluated separately. In addition, on-base stream segments
of both streams are evaluated separately from their off-base segments due to differences in
potentially exposed populations. This evaluation of separate stream segments is similar to
the approach used in the baseline risk assessment. Based on this approach, the following four

stream segments are evaluated separately in this risk assessment:

. West Soldier Creek, on-base
. West Soldier Creek, off-base
. East Soldier Creek. on-base

. East Soldier Creek, off-base

1.2 SITE OPERATIONS AND REGULATORY HISTORY

Tinker is an active military industrial facility responsible for the maintenance of a wide
variety of military aircraft. Tinker AFB was activated in March 1942 under the name of -
Midwest Air Depot. During World War II, the depot was responsible for reconditioning,
modifying and modernizing aircraft, vehicles and equipment. The primary mission has not
changed. Tinker is still a major industrial complex for overhauling modifying and repairing

military aircraft engines and accessory items.

As part of the overall Air Force Installation Restoration Program (IRP), Tinker AFB began
investigation of previously used disposal sites in 1981 (EPA, 1988). A base-wide sampling
program was conducted in 1983. Analytical results from the sampling program indicated
trichloroethene was present in the groundwater. Remedial investigations were conducted by
Tinker AFB through the Tulsa District Corps of Engineers (COE) from 1986 to 1989 to
determine the nature and extent of groundwater contamination in the building complex area.

These investigations determined that chromium, in addition to trichloroethene, was a
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contaminant of concern in groundwater. On July 22, 1987 the Building 3001 Site and the
Soldier Creek Site were added to the National Priorities List (NPL). In 1990 and 1991,
Black & Veatch Waste Science Technology (B&V) conducted a Phase 1 and Phase II
Remedial Investigation/Feasibility Study (RI/FS) to determine the extent of sediment and
surface water contamination along East, West, and Main Soldier Creek. As part of the RI.
B&V performed a baseline human health risk assessment and concluded that sediment and
surface water in Soldier Creek did not pose an unacceptable risk to human health (B&V.
1993). Since submission of the RI/FS, Tinker has reduced or eliminated releases from
several outfalls, and the IWTP outfall is anticipated to be eliminated in the near future. As
part of a follow-up study. four quarterly sampling events were performed by
Woodward-Clyde Federal Services to provide supplemental sediment and surface water data
on current contaminant levels, and to evaluate potential PCB and pesticide contamination.

two classes of chemicals not evaluated previously.
1.3 SITE PHYSICAL SETTING

Tinker AFB is located in an area characterized by nearly level to gently rolling hills, broad
flat plains. and well-entrenched main streams. Ground level ranges from 1.210 feet on the
northwest side of the base to about 1,320 feet at the southeast corner of the base above mean
sea level (Radian, 1985). Historic data from the Tinker weather station indicate that the
average annual precipitation at Tinker AFB is approximately 34 inches per year. This
rainfall occurs in a distinct, seasonal pattern, ranging from a high of 5.8 inches in May to a

low of 1.2 inches in January (Parsons, 1995).

Soldier Creek and its tributaries receive surface runoff from approximately 9,000 acres.
Surface runoff produces periods of high and low stream flow based on the annual
precipitation cycle. Areas on Tinker AFB that contribute runoff or discharge to Soldier
Creek and its tributaries include the eastern-most runway areas. the Building 3001 complex,
and the IWTP. The Building 3001 complex consists of an aircraft overhaul and modification
complex to support the mission of the Oklahoma City Air Logistics Center. The IWTP,
located in the northeastern portion of the Base. receives industrial process discharge waters
from the Building 3001 complex and other buildings and operations in the area through a

series of underground lines. Once received at the plant, these waters are treated and
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discharged to East Soldier Creck under a National Pollutant Discharge Elimination System
(NPDES) permit. A sanitary wastewater treatment facility also discharge to East Soldier

Creek under the same permit.

A storm sewer investigation was conducted by NUS (1989) to characterize the sources of the
outfalls to Soldier Creek from Tinker AFB. This study identified the following four

categories of waste discharge:

. Process discharge, such as cooling tower blowdown

. Low volume sources, such as oils derived from compressors, vacuum pumps
and fume handling systems that enter the storm sewer system

o Inappropriate disposal of wastes, such as solvents and lubricating oils, into
floor drains catch basins. etc. This is believed to represent the primary source
of contamination to Soldier Creek.

. Cross-contamination between waste systems and the storm sewers due to
improper connections or broken lines.

Discharges from the various Tinker outfalls are thought to represent semi-continuous sources
to both East and West Soldier Creeks. Studies by Parsons (1995) indicate that the relative
contribution of the outfalls bear little. if any, correlation to the annual precipitation cycle.
Thus, it is likely the Tinker outfalls will have year-round influence on surface water-quality.

while site runoft is more likely to influence surface water in a seasonal fashion.

1.4 OBJECTIVES OF THE HUMAN HEALTH RISK ASSESSMENT

An evaluation of risks associated with Soldier Creek surface water and sediments was
previously performed by B&V (1993). The purpose of the present document is to provide
information on potential current and future risks based on current contaminant levels. to
compare the results with those of B&V to see if the previous conclusions are still valid. and

to develop cleanup goals for stream sediments that are protective of human populations.
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As mentioned previously, development of quantitative risk estimates for potentially exposed
populations is based on guidance provided in RAGS. In addition, a variety of factors are

used to characterize and quantify potential health risks, including:

. Chemical fate and transport characteristics
. Basic toxicology information
. Site-specific information relative to potentially exposed populations, exposure

routes. exposure point concentrations. and general site conditions.

USEPA guidance documents used to conduct the risk assessment include RAGS. the
Exposure Factors Handbook (1989b). Standard Default Exposure Factors (1991a). Health
Effects Assessment Summary Tables (HEAST; 1994), Integrated Risk Information System
on-line database (IRIS: 1995), Dermal Exposure Assessment: Principles and Applications
(1992a) and Risk Assessment Guidance for Superfund Part B, Development of Risk-Based

Preliminary Remediation Goals (1991b).
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2.0
CHEMICALS OF CONCERN

The purpose of the risk assessment (RA) is to evaluate the potential human health risks
associated with the site under the no-action alternative, i.e., in the absence of remedial and
corrective action. The first step in this evaluation is the selection process used to identify a
group of chemicals of concern (COCs). This group of chemicals, although a subset of all
chemicals detected on-site. represents those chemicals posing the greatest potential health
risks at the site. Thus. the quantification of potential health risks posed by the site can be
focused on the COCs without significantly underestimating the total risk. The basic
approach used to develop COCs in this report is similar to that used in the baseline risk
assessment performed by B&V (1993). Separate lists of COCs have been generated for
sediments and surface water for each of the stream segments being investigated. using EPA

selection criteria. The following sections present the COC selection process.
2.1 CHEMICALS EVALUATED AS POTENTIAL COCS

The identification of COCs was based on an evaluation of chemical data from surface water
and sediment samples collected by Woodward-Clyde in the first four quarterly sampling
events (WCFS. 1994), supplemented with chemical data from sediment samples collected by
Parson Engineering Science (Parson Engineering Science, 1995). Table 2-1 lists the
sampling locations associated with each investigation area. A total of four classes of

chemicals were evaluated:

. Volatile organic compounds (46 analytes);

. Semi-volatile organic compounds (90 analytes);
. PCBs/Pesticides (30 analytes); and

. Metals (26 analytes).

The numbers in parentheses denote the number of analytes within each class of chemicals for

which analyses were performed.
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2.2 CHEMICALS EXCLUDED FROM THE RISK ASSESSMENT

Although the analytical results identified a number of chemicals present in sediment and
surface water samples from Soldier Creek, not all of these chemicals are likely to pose risks
to human health. Therefore, it is appropriate to systematically exclude selected chemicals
from the HHRA so that the quantitative risk characterization can effectively focus on only
those chemicals posing the greatest potential health risks. The Risk Assessment Guidance
for Superfund (USEPA, 1989a) describes several procedures to reduce the number of
chemicals to be considered. Chemicals can be systematically excluded for any of the

following reasons:

o The compound was not detected in any sample

The compound was tound at a low frequency and concentration
The compound was found at background levels

The compound has a low inherent toxicity or is an essential element
The compound was identified as a laboratory contaminant

The rationale for excluding chemicals meeting any of these criteria is that their contribution

to the incremental health risks posed by the site are negligible.

The following sections present the COC selection process and final lists of COCs for surface

water and sediments from East and West Soldier Creek.
2.3 COC SELECTION PROCESS

2.3.1 Chemicals Not Detected

Chemicals not detected in a specific stream segment and medium (surface water or sediment)
were excluded from the medium specific COC list for that stream segment. The following

tables list chemicals excluded from the COC list because they were not detected:

. Table 2-2 lists a total of 156 chemicals for which analyses were
performed but were not detected in the surface water in the on-base
portion of West Soldier Creek. Therefore, these chemicals were
excluded from the surface water COC list for this stream segment.
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. Table 2-3 lists a total of 167 chemicals for which analyses were
performed but were not detected in the surface water in the off-base
portion of West Soldier Creek. Therefore, these chemicals were
excluded from the surface water COC list for this stream segment.

. Table 2-4 lists a total of 148 chemicals for which analyses were
performed but were not detected in the surface water in the on-base
portion of East Soldier Creek. Therefore, these chemicals were
excluded from the surface water COC list for this stream segment.

. Table 2-5 lists a total of 160 chemicals for which analyses were
performed but were not detected in the surface water in the off-base
portion of East Soldier Creek. Therefore, these chemicals were
excluded from the surface water COC list for this stream segment.

o Table 2-6 lists a total of 117 chemicals for which analyses were
performed but were not detected in the sediments in the on-base
portion of West Soldier. Therefore, these chemicals were excluded
from the sediment COC list for this stream segment.

. Table 2-7 lists a total of 142 chemicals for which analyses were
performed but were not detected in the sediments in the off-base West
Soldier. Therefore. these chemicals were excluded from the sediment
COC list for this stream segment.

. Table 2-8 lists a total of 109 chemicals for which analyses were
performed but were not detected in the sediments in the on-base
portion of East Soldier Creek. Therefore, these chemicals were
excluded from the sediment COC list for this stream segment.

. Table 2-9 lists a total of 136 chemicals for which analyses were
performed but were not detected in the sediments in the off-base
portion of East Soldier Creek. Therefore, these chemicals were
excluded from the sediment COC list for this stream segment.

2.3.2 Chemicals Detected at Low Frequency

Chemicals detected with low frequency do not indicate a clear pattern of contamination.
Moreover. the potential health risks that may be associated with low detection frequency
compounds are expected to be much lower compared with more prevalent chemicals based

on frequency of human exposure. In accordance with RAGS (USEPA, 1989a), a frequency of
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five percent was used as the assessment criterion (i.e., chemicals were excluded as potential
COCs if they were present < 5 percent of all samples). Because of the limited number of
surface water samples collected from West Soldier Creek and the off-base portion of East
Soldier Creek, no chemicals could be excluded from the COC list on the basis of low
frequency of detection for these three areas. The following tables list chemicals that were

excluded as potential COCs based on low frequency of criterion.

J Table 2-10 lists a total of 7 chemicals detected at low frequency and at
low concentrations in surface water samples collected from the on-
base portion of East Soldier Creek. These chemicals were excluded
from the surface water COC list for that stream segment.

. Table 2-11 lists a total of 9 chemicals detected at low frequency and at
low concentrations in sediments collected from the on-base portion of
West Soldier Creek. These chemicals were excluded from the
sediment COC list for that stream segment.

. Table 2-12 lists a total of 22 chemicals detected at low frequency and
at low concentrations in sediments collected from the on-base portion
of East Soldier. These chemicals were excluded from the sediment
COC list for that stream segment.

. Table 2-13 lists a total of 9 chemicals detected at low frequency and at
low concentrations in the sediments collected from the off-base portion
of East Soldier Creek. These chemicals were excluded from the
sediment COC list for that stream segment.

2.3.3 Essential Nutrients

Chemicals that are essential nutrients may be excluded from consideration when they are
present at relatively low levels (i.e., levels that are likely to produce beneficial rather than
toxic effects). Comparisons were made between the maximum detected concentrations of
essential nutrients found in surface water and sediment and the recommended daily
allowances (RDAs) established by the National Research Council (1989). Daily intake of
nutrients from Soldier Creek was estimated by assuming that an individual ingests 0.5 L/day
of surface water, (an upper bound water ingestion value assuming 10 hours swimming), or

100 mg/kg sediments (the upper-bound daily soil ingestion rate for adults).
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In addition to chemicals excluded based on RDAs, sodium was also excluded, based on
comparison with normal dietary intake. While sodium is an essential nutrient. there is no
established RDA for this element. The normal dietary intake of sodium in the US is greater
than 10.000 mg/day (Nelson, 1992), while dietary levels less than 1000 mg/day are

considered “sodium-restricted.”

The following tables list chemicals that are essential nutrients and that were excluded from
the COC lists because they are present at concentrations that are likely to be beneficial rather

than detrimental:

. A total of 11 nutrients (Table 2-14) were excluded from the surface
water COC list for the on-base portion of West Soldier Creek.

. A total of 9 nutrients (Table 2-15) were excluded from the surface
water COC list for the off-base portion of West Soldier Creek.

. A total of 11 nutrients (Table 2-16) were excluded from the surface
water COC list for the on-base portion of East Soldier Creek.

. A total of 11 nutrients (Table 2-17) were excluded from the surface
water COC list for the off-base portion of East Soldier Creek.

. A total of 10 nutrients (Table 2-18) were excluded from the sediment
COC Iist for the on-base portion of West Soldier Creek.

. A total of 11 nutrients (Table 2-19) were excluded from the sediment
COC list for the off-base portion of West Soldier Creek.

. A total of 11 nutrients (Table 2-20) were excluded from the sediment
COC list for the on-base portion of East Soldier Creek.

. A total of 11 nutrients (Table 2-21) were excluded from the sediment
COC list for the off-base portion of East Soldier Creek.

2.3.4 Chemicals Present at Background Concentration

As noted in RAGS (USEPA, 1989a). a comparison of sample concentrations to naturally-
occurring background concentrations can be used to identify non-site-related chemicals. This

approach was taken for evaluating inorganic chemicals only. The maximum concentration
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for samples collected from upstream and off-base portion of Crutcho Creek was considered
as the background concentration. Chemicals found to be present at concentrations within 2
times background concentrations were assumed to be present at background levels (as
defined in USEPA Region IV, USEPA, 1991c¢), and were thus not included on the list of
potential chemicals of concern.  Based on this analysis, the following chemicals were

excluded as potential COCs:

. A total of 6 chemicals (Table 2-22) were excluded from the surface
water COC list on-base portion of West Soldier Creek because they
were detected at background levels.

. A total of 7 chemicals (Table 2-23) were excluded from the surface
water COC list for the off-base portion of West Soldier Creek because
they were detected at background levels.

) A total of 6 chemicals (Table 2-24) were excluded from the surface
water COC list the on-base portion of East Soldier Creek because they
were detected at background levels.

o A total of 7 chemicals (Table 2-25) were excluded from the surface
water COC list for the off-base portion of East Soldier Creek because
they were detected at background levels.

. A total of 5 chemicals (Table 2-26) were excluded from the sediment
COC list for the on-base portion of West Soldier Creek because they
were detected at background levels.

. A total of 8 chemicals (Table 2-27) were excluded from the sediment
COC list for the off-base portion of West Soldier Creek because they
were detected at background levels.

. A total of 5 chemicals (Table 2-28) were excluded from the sediment
COC list for the on-base portion of East Soldier Creek because they
were detected at background levels.

° A total of 7 chemicals (Table 2-29) were excluded from the sediment
COC list for the off-base portion of East Soldier Creek because they
were detected at background levels.
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2.3.5 Chemicals Considered as Laboratory Contaminants

By comparing the detected concentration with the laboratory method blanks, one chemical
(2-butanone) detected in off-base west Soldier Creek sediment and one chemical
(bis(2-Ethylhexyl)phthalate) detected in the off-base Soldier Creek surface water were

considered to be laboratory contaminant and were excluded as potential COCs.
2.4 CHEMICALS OF CONCERN

A group of chemicals were identified as chemicals of concern based on the criteria described
in the previous sections for each environmental medium (surface water and sediments) in
cach stream segment. It is important to note that many of the identified COCs are present at
very low concentrations, well below health-based criteria such as MCLs. These chemicals
have been retained for future evaluation as a conservative measure. The selected chemicals
are further evaluated in the process of quantitative risk assessment to determine whether these
chemicals may contribute risks to the human receptors discussed in Section 3.0. The

chemicals of concern and frequency of detection are listed in the following tables:

. Table 2-30 presents the COCs for surface water in the on-base portion
of West Soldier Creek

J Table 2-31 presents the COCs for surface water in the off-base portion
of West Soldier Creek

. Table 2-32 presents the COCs for surface water in the on-base portion
of East Soldier Creek

. Table 2-33 presents the COCs for surface water in the off-base portion
of East Soldier Creek

. Table 2-34 presents the COCs for sediments in the on-base portion of
West Soldier Creek

. Table 2-35 presents the COCs for sediments in the oft-base portion of
West Soldier Creek
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o Table 2-36 presents the COCs for sediments in the on-base portion of
East Soldier Creek

o Table 2-37 presents the COCs for sediments in the off-base portion of
East Soldier Creek
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Table 2-1

Sampling Locations in Each Stream Segment

AREA

SAMPLE LOCATION

On-Base West Soldier Creek
(Area 1)

QWo1
QW02
QW03
QW04

Off-Base West Soldier Creck
(Area 2)

QW05
QW06

On-Base East Soldier Creek
(Area 3)

QEO1
QE02
QEO03
QE04
QE05
QE06
QE07
QE08
QE0Y
SEl
SE2”

SE3”

Off-Base East Soldier Creek
(Arca 4)

QE10
QEl1
SE4
SE5”

Note: * Sample collected by Parson Engineering Science (1995).
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TABLE 2-2

Chemicals Not Detected in On-Base West Soldier Creek Surface Water

Chemical Group

Chemical

Number of Samples

Metals

|Antimony

7

Beryllium

Cadmium

Mercury

Silver

Thallium

PCB's/Chlorinated Pesticides

4.4'-DDD !

4.4'-DDE !
44'-DDT :

| Aldrin

Aroclor 1016

Aroclor 1221

Aroclor 1232

Aroclor 1242

{Aroclor 1248

| Aroclor 1254

Aroclor 1260

Dieldrin i
Endosulfan | 3

Endosulfan 11

Endosulfan sulfate

{Endrin

{Endrin aldehyde

Heptachlor i

Heptachlor epoxide |

Methoxychlor

Toxaphene

lalpha-BHC

jalpha-Chlordane

{beta-BHC

idelta-BHC

igamma-BHC (Lindane)

{gamma-Chlordane

Semivolatile Organics

1.2.4.5-Tetrachloro-benzene

1,2.4-Trichlorobenzene

1.2-Dichlorobenzene

1.3-Dichlorobenzene

1.4-Dichlorobenzene

i 1-Chloronaphthalene

1-Naphthylamine

:2,3.4,6-Tetrachlorophenol

:2.4.5-Trichlorophenol

12.4.6-Trichlorophenol

12.4-Dichlorophenol

e e N e R R R B R B I B S B N B S N N S N RN IES IR AEN RS RN NS N GRS G RN B NS RS R NGRS G NGRS NN NS |
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TABLE 2-2

Chemicals Not Detected in On-Base West Soldier Creek Surface Water

Chemical Group

Chemical

Number of Samples

Semivolatile Organics

2,4-Dimethylphenol

5

(Continued)

2,4-Dinitrophenol

2.4-Dinitrotoluene

2,6-Dichlorophenol

2.,6-Dinitrotoluene

2-Chloronaphthalene

2-Chlorophenol

2-Methylnaphthalene

2-Methylphenol

2-Naphthylamine

2-Nitrophenol

2-Picoline

3.3'-Dichlorobenzidine

3-Methylcholanthrene

3-Nitroaniline

4.6-Dinitro-2-methylphenol

‘4-Aminobiphenyl

‘4-Bromophenylphenyl ether

14-Chloro-3-methylphenol

'4-Chloroaniline

I4-Chlorophenyl phenyl ether

PG TS IS [ RN NG N I B S S I N R RIS RN RN RN RN N RS BN

4-Nitroaniline

14-Nitrophenol

'7.12-Dimethylbenz(a)-anthracene

‘Acenaphthene

Acenaphthylene

Acetophenone

iAniline

' Anthracene

‘Azobenzene

Benzidine

‘Benzo(a)anthracene

BN RN RS S RN RIS RIS RS BN B |

|Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(g.h.i)perylene

Benzo(k)fluoranthene

Benzoic acid

Benzyl alcohol

Butyl benzyl phthalate

Chrysene

Di-n-butyl phthalate

NN Q9

Di-n-octyl phthalate

Dibenz(a.h)anthracene

Dibenzofuran

ENNIENRIEN |
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TABLE 2-2

Chemicals Not Detected in On-Base West Soldier Creek Surface Water

Chemical Group

\ Chemical

Number of Samples

Semivolatile Organics

Diethyl phthalate

5

(Continued)

Dimethyl phthalate

Diphenylamine

Ethyl methanesulfonate

Fluoranthene

Fluorene

Hexachlorobenzene

{Hexachlorobutadiene

Hexachlorocyclopentadiene

Hexachloroethane

Indeno(1.2,3-cd)pyrene

Isophorone

Methyl methanesulfonate

'N-Nitroso-di-n-butylamine

| N-Nitrosodiphenylamine

'N-Nitrosopiperidine

‘Naphthalene

‘Nitrobenzene

‘Pentachlorobenzene

‘Pentachloronitrobenzene

Pentachlorophenol

iPhenacetin

'Phenanthrene

iPronamide

{Pvrene

la.a-Dimcthylphenethyl-amine

tbis(2-Chloroethoxy)methane

ibis(2-Chloroethyl) ether

bis(2-Chloroisopropyl)ether

bis(2-Ethvlhexyl)phthalate

p-Dimethylaminoazobenzene

Volatile Organics

1.1.1.2-Tetrachloroethane

1.1.1-Trichloroethane

:1,1.2.2-Tetrachlorocthane

11.1.2-Trichloroethane

'1.1-Dichloroethane

1.1-Dichloroethene

1.2.3-Trichloropropane

1.2-Dichloroethane

1.2-Dichloropropane

{2-Butanone (MEK)

:2-Hexanone

4-Methyl-2-pentanone (MIBK)

!Acrolein
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TABLE 2-2

Chemicals Not Detected in On-Base West Soldier Creek Surface Water

Chemical Group

f Chemical

Number of Samples

Volatile Organics

Acrylonitrile

p

(Continued)

Benzene

Bromodichloromethane

Bromoform

Bromomethane

Carbon disulfide

Carbon tetrachloride

Chloroethane

Chloroform

Chloromethane

Dibromochloromethane

Dibromomethane

Dichlorodifluoromethane

Ethyl methacrylate

Ethylbenzene

lodomethane

|Styrene

TTrichloroﬂuoromethane

Vinyl acetate

Xylenes (total)

R RIS RIS RIS RS R N S A RN RS RS RN NSRS NN E N BN RIS R |

cis-1,3-Dichloropropene

Itrans-1 ,2-Dichloroethene

trans-1,3-Dichloropropene

trans-1.4-Dichloro-2-butene

ESRIEN BN RIEN]
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TABLE 2-3

Chemicals Not Detected in Off-Base West Soldier Creek Surface Water

Chemical Group

| Chemical

Number of Samples

Metals

Antimony

8

Beryllium

Cadmium

Chromium

Cobalt

)
{Mercury

Nickel

Selenium

Silver

PCB's/Chlorinated Pesticides

14,4'-DDD

4 4'-DDE

4,4-DDT

Aldrin

alpha-BHC

alpha-Chlordane

Aroclor 1016

Aroclor 1221

Aroclor 1232

‘Aroclor 1242

iAroclor 1248

Aroclor 1254

| Aroclor 1260

‘beta-BHC

idelta-BHC

‘Dieldrin

Endosulfan 1

Endosulfan II

Endosulfan sulfate

Endrin

Endrin aldehyde

gamma-BHC (Lindane)

gamma-Chlordane

Heptachlor

|Heptachlor epoxide

@Methoxychlor

Toxaphene

Semivolatile Organics

1.2.4.5-Tetrachloro-benzene

11.2.4-Trichlorobenzene

1.2-Dichlorobenzene

1.3-Dichlorobenzene

1.4-Dichlorobenzenc

1-Chloronaphthalene

I-Naphthylamine

2.3.4.6-Tetrachlorophenol

0L L |0 [0 [0 [R|0JOC 0[O0 0[O0 0 |0 |RN|L | R [0[RI XR|0 |0 |00 0|00 [|0]X |00 | XXX 0|00 0 X
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TABLE 2-3

Chemicals Not Detected in Off-Base West Soldier Creek Surface Water

Chemical Group

i Chemical

Number of Samples

Semivolatile Organics

2,4.5-Trichlorophenol

(Continued)

2.4.6-Trichlorophenol

2.4-Dichlorophenol

2.4-Dimethylphenol

2.4-Dinitrophenol

2.4-Dinitrotoluene

:2,6-Dichlorophenol

2.6-Dinitrotoluene

12-Chloronaphthalene

2-Chlorophenol

2-Methylnaphthalene

2-Methylphenol

|2-Naphthylamine

|2-Nitrophenol

:2-Picoline

3.3'-Dichlorobenzidine

~13.3'-Dimethylbenzidine

‘ ir-Mcth_vlcholamhrene

‘3-Nitroaniline

3/4-Methylphenol

4.6-Dinitro-2-methyiphenol

'4-Aminobiphenyl

-4-Bromophenyliphenyl ether

i4-Chloro-3-methylphenol

4-Chloroaniline

4-Chlorophenyl phenyl ether

i4-Nitroaniline

'4-Nitrophecnol

'7.12-Dimethylbenz(a)-anthracene

a.a-Dimethyvlphencthyl-amine

Acenaphthene

Acecnaphthylene

Acetophenone

Aniline

' Anthracene

- Azobenzene

'Benzidine

'Benzo(a)anthracenc

{Benzo(a)pyrene

:Benzo(b)fluoranthene

'Benzo(g.h.i)perylene

{Benzo(k)fluoranthene

IBenzoic acid

{Benzyl alcohol

00 [00 |00 |CC |00 |00 |00 |00 0|00 |00 |00 [0 |0 [0 [CC|00!I00|0C |00 |00 [O0| 0|00 N[ | 0|0 0|0 0 [0 |X |00 0|0 XI0]0
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TABLE 2-3

Chemicals Not Detected in Off-Base West Soldier Creek Surface Water

Chemical Group

Chemical

Number of Samples

Semivolatile Organics

bis(2-Chloroethoxy)methane

(Continued)

bis(2-Chloroethyl) ether

bis(2-Chloroisopropyl)ether

Butyl benzyl phthalate

Chrysene

Di-n-butyl phthalate

Di-n-octyl phthalate

Dibenz(a.h)anthracene

Dibenzofuran

Diethyl phthalate

Dimethyl phthalate

Diphenylamine

Ethyl methanesulfonate

Fluoranthene

Fluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

i iHexachloroethane

Indeno(1.2.3-cd)pyvrene

[sophorone

‘Methyl methanesulfonate

‘N-Nitroso-di-n-butylamine

IN-Nitroso-di-n-propylamine

;N-Nitrosodiphenylamine

'N-Nitrosopipertdine

Naphthalene

‘Nitrobenzene

|p-Dimethylaminoazobenzene

Pentachlorobenzene

Pentachloronitrobenzene

Pentachlorophenol

iPhenacetin

Phenanthrene

Phenol

Pronamide

Pyrene

Volatile Organics

1.1.1.2-Tetrachlorocthane

i1.1.1-Trichloroethane

11.1.2.2-Tetrachloroethane

'1.1.2-Trichloroethane

1.1-Dichloroecthane

1.1-Dichloroethene

1.2 .3-Trichloropropane

OOOOOOOC#OOOOOOOOOOOCOOOOOOOCOOOOOOOOOOOOOGOOOCOOOCOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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TABLE 2-3

Chemicals Not Detected in Off-Base West Soldier Creek Surface Water

Chemical Group

Chemical

Number of Samples

Volatile Organics

| 1,2-Dichloroethane

(Continued)

1,2-Dichloropropane

2-Butanone (MEK)

2-Hexanone

4-Methyl-2-pentanone (MIBK)

Acetone

Acrolein

Acrylonitrile

Benzene

Bromodichloromethane

Bromoform

Bromomethane

Carbon tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

cis-1.3-Dichloropropene

Dibromochloromethane

Dibromomethane

Dichlorodifluoromethane

Ethyl methacrvlate

Ethylbenzene

lodomelhapc

Styrenc

Tetrachloroethene

‘Toluene

itrans-1.2-Dichloroethene

trans-1,3-Dichloropropene

trans-1.4-Dichloro-2-butene

Trichloroethene

Trichlorofluoromethane

'Vinyl acetate

;Vinyl chloride

iXylenes (total)

RO |O0|OR |00 |0 QI W0 |0 X X0 0|00 00 [0[N0[XR[X|C 00000000000 |0 |0
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TABLE 2-4

Chemicals Not Detected in On-Base East Soldier Creek Surface Water

Chemical Group Chemical Number of Samples
Metals Thallium 36
Antimony | 36
Beryllium 36
Silver ! 36
PCB's/Chlorinated Pesticides l4.4'-DDD 36
'4.4'-DDE 36
4.4'-DDT 36
Aroclor 1016 36
Aroclor 1221 - 36
Aroclor 1232 36
Aroclor 1242 J B 36
1Aroclor 1248 3
‘Aroclor 1254 36
i Aroclor 1260 36
Dieldrin 36
'Endosulfan I 36
'Endosulfan I1 36
'Endosulfan sulfate 36
‘Endrin 36
'Endrin aldehyvde 36
Heptachlor - 36 7
'Heptachlor epoxide 36
‘Methoxychior 36
:Toxaphene B 36
talpha-BHC 36
falpha-Chlordane 36
ibeta-BHC 36
delta-BHC 36
gamma-BHC (Lindane) 36
gamma-Chlordane 36
Semivolatile Organics i1.2.4.5-Tetrachloro-benzene 36
- § 1.2.4-Trichlorobenzene o 36
:1.2-Dichlorobenzene 36
i1.3-Dichlorobenzene 36
o 1.4-Dichlorobenzene 36
- | 1-Chloronaphthalene 36
1-Naphthylamine 36
2.3.4.6-Tetrachlorophenol 36
12.4.5-Trichlorophenol 36
2.4.6-Trichlorophenol 36
2.4-Dichlorophenol i 36 .
2.4-Dimethylphenol 36
2 4-Dinitrophenol 36
2.4-Dinitrotoluene 36

SW-3 ND of TABLE2-.XLS 12/22/95 6:21 PM
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TABLE 2-4

Chemicals Not Detected in On-Base East Soldier Creek Surface Water

Chemical Group Chemical Number of Samples

Semivolatile Organics 2.6-Dichlorophenol 36

(Continued) 2.6-Dinitrotoluene 36
2-Chloronaphthalene 36
2-Chlorophenol 36
|2-Methylnaphthalene 36
2-Methylphenol 36
2-Naphthylamine 36
2-Nitrophenol 36
2-Picoline 36
3.3'-Dichlorobenzidine 36
'3-Methylcholanthrene 36

- '3-Nitroaniline 36
|4,6-Dinitro-2-methylphenol 36
4-Aminobiphenyl 36
4-Bromophenyviphenyl ether 36
4-Chloro-3-methylphenol 36
+4-Chloroaniline 36 o
4-Chlorophenyl phenvi ether 36
+-Nitroaniline 36
7.12-Dimethylbenz(a)-anthracene 36
‘Acenaphthene 36
.Acenaphthylene 36
| Acetophenone 36
Aniline 36
: Anthracene 30

- | Azobenzene 36
‘Benzidine 36

o Benzo(a)anthracene 36 : :,
Benzo(a)pyrene 36 ]
Benzo(b)fluoranthene 36
Benzo(g.h.i)perylenc 36 o
Benzo(k)fluoranthene 36
Butyl benzyl phthalate 36
Chrysene 36
Di-n-butyl phthalate 36 o
Di-n-octyl phthalate 36
Dibenz(a.h)anthracene 36
Dibenzofuran 36
Dimethyl phthalate 36
Diphenylamine 36
Ethyl methanesulfonate 36
Fluorene 36
Hexachlorobenzene 36
Hexachlorobutadiene 36

SW-3 ND of TABLE2-.XLS 12/22/95 6:21 PM

Page 2 of 4



TABLE 2-4

Chemicals Not Detected in On-Base East Soldier Creek Surface Water

Chemical Group

W‘ Chemical

Number of Samples

Semivolatile Organics {Hexachlorocyclopemadiene 36
(Continued) |Hexachloroethane 36
| Indeno(1.2.3-cd)pyrene 36
1 Isophorone 36
{Methyl methanesulfonate 36
lN-Nitroso-di-n-butylamine 36
N-Nitroso-di-n-propylamine 36
N-Nitrosodiphenylamine 36
N-Nitrosopiperidine 36
i Naphthalene 36
(Nitrobenzene 36
Pentachlorobenzene 36
Pentachloronitrobenzene 36
| Pentachlorophenol 36
i Phenacetin 36 .
Pronamide 36
|Pvrene 36
ja.a-Dimethylphenethyl-amine 36
bis(2-Chloroethoxy)methane 36
bis(2-Chlorocthyl) ether 36 i
bis(2-Chloroisopropyl)cther 36
p-Dimethylaminoazobenzene 36 N
Volatile Organics :3.3'-Dimethylbenzidine 9
(1,1.2.2-Tetrachloroethane 18 |
1.1.1.2-Tetrachloroethane 36
B 11.1.1-Trichlorocthane 36
i 11.1,2-Trichloroethane 36 B
'1.1-Dichloroethane 36
'1.1-Dichloroethene 36
'1.2.3-Trichloropropane 36
'1.2-Dichloroethane 36 ]
'1.2-Dichloropropanc 36
2-Hexanone 36
4-Methyl-2-pentanone (MIBK) 36
tAcrolein 36
{Acrylonitrile 36
'Benzene 36
{Bromodichloromethane 36
'Bromomethane 36
Carbon disulfide 36
Carbon tetrachloride 36
Chlorobenzenc 36
|Chloroethane 36
[Chloromethane 36

SW-3 ND of TABLE2- XLS 12/22/95 6:21 PM
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TABLE 2-4

Chemicals Not Detected in On-Base East Soldier Creek Surface Water

Chemical Group | Chemical Number of Samples

Volatile Organics Dibromochloromethane 36
(Continued) Dibromomethane 36
- Dichlorodifluoromethane 36
Ethyl methacrylate 36
Ethylbenzene 36

' Iodomethane 36 1
rSt_vrene 36
Trichloroethene 36
Trichlorofluoromethane 36
'Vinyl acetate 36
:Vinyl chloride 36

B {Xylenes (total) 36 )
cis-1,3-Dichloropropene 36

B ltrans-1.2-Dichlorocthene 36 )
- trans-1,3-Dichloropropene 36

trans-1.4-Dichloro-2-butene 36 o

SW-3 ND of TABLE2-.XLS 12/22/95 6:21 PM
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TABLE 2-5

Chemicals Not Detected in Off-Base East Soldier Creek Surface Water

Chemical Group ‘ Chemical ; Number of Samples
Metals |Mercury ] 8

| Antimony
|Beryllium

Silver
PCB's/Chlorinated Pesticides 4.4'-DDD
4.4'-DDE

4 4'-DDT
alpha-BHC
alpha-Chlordane
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
;Aroclor 1254
Aroclor 1260
Ibeta-BHC
(delta-BHC
Dicldrin
'Endosulfan I
|Endosulfan II
{Endosulfan sulfate
|Endrin

|Endrin aldehvde
;gamma-BHC (Lindane)
gamma-Chlordane
Heptachlor
Heptachlor epoxide
Methoxvchlor

i Toxaphene

Semivolatile Organics :1,2.4.5-Tetrachloro-benzene
'1.2.4-Trichlorobenzene
-1,2-Dichlorobenzene

1.3-Dichlorobenzene

1.4-Dichlorobenzene
1-Chloronaphthalene
1-Naphthylamine
2.3.4.6-Tetrachlorophenol
2.4.5-Trichlorophenol
12.4,6-Trichlorophenol
.2.4-Dichlorophenol
12.4-Dimethylphenol
:2.4-Dinitrophenol
12.4-Dinitrotoluene

wloolioe oolion|ociow vl 0|00 00 0 000 0|0 |0 [0 0|0 |00 00000 00|00 R[]0 | |K|NIN0IN0|0 N0 X
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TABLE 2-5

Chemicals Not Detected in Off-Base East Soldier Creek Surface Water

Chemical Group

Chemical

Number of Samples

Semivolatile Organics

2,6-Dichlorophenol

8

(Continued)

12.6-Dinitrotoluenc

§ 2-Chloronaphthalene

2-Chlorophenol :

2-Methylnaphthalene

2-Methylphenol

2-Naphthylamine

2-Nitrophenol

2-Picoline

3.3'-Dichlorobenzidine

3,3'-Dimethylbenzidine

|3-Methylcholanthrene

13-Nitroaniline

3/4-Methylphenol

4.6-Dinitro-2-methylphenol

‘ 4-Aminobiphenyl

4-Bromophenylphenyl ether

4-Chloro-3-methylphenol

i4-Chloroaniline

34-Chlorophenyl phenyl ether

4-Nitroanilinc

4-Nitrophenol

7.12-Dimethylbenz(a)-anthracene

a.a-Dimethylphenethyl-amine

Accnaphthene

: Acenaphthylene

! Acetophenone

‘Aniline

' Anthracenc ‘

Azobenzene

Benzidine

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

{Benzo(g.h.i)perylenc

'Benzo(k)fluoranthene

Benzoic acid

Benzyl alcohol

bis(2-Chloroethoxy)methane

'bis(2-Chloroethyl) ether

ibis(2-Chloroisopropyl)cther

{Butvl benzyl phthalate

Chrysene

{Di-n-butyl phthalate

0|00 | 00|00 |0C |00 |00 00|00 |00 |0 |00 |00 |00 | 0|00 0[O0 [00 00|00 |00 00|00 |00 |00 |00 0|0 0 X |00 N[00 |0 |XR|N0[0|0 ) 00|0
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Chemicals Not Detected in Off-Base East Soldier Creek Surface Water

TABLE 2-5

Chemical Group

Chemical

Number of Samples

Semivolatile Organics

Di-n-octyl phthalate

8

(Continued)

Dibenz(a.h)anthracenc

Dibenzofuran

Diethyl phthalate

Dimethyl phthalate

Diphenylamine

|Ethyl methanesulfonate

Fluoranthene

Fluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

Hexachloroethane

Indeno(1.2,3-cd)pyrene

iIsophorone

Methyl methanesulfonate

N-Nitroso-di-n-butylamine

N-Nitroso-di-n-propylamine

'N-Nitrosodiphenylamine

N-Nitrosopiperidine

Naphthalene

'Nitrobenzene

p-Dimethylaminoazobenzene

Pentachlorobenzene

Pentachloronitrobenzene

Pentachlorophenol

‘Phenacetin

‘Phenanthrene

‘Pronamide

|Pyrene

Volatile Organics

1.1.1,2-Tetrachloroethane

i1.1.1-Trichloroethane

i1,1.2.2-Tetrachloroethane

1.1.2-Trichloroethane

1.1-Dichloroethane

1.1-Dichloroethene

1.2.3-Trichloropropane

1.2-Dichlorocthane

1 .2-Dichloropropéne

2-Butanone (MEK)

2-Hexanone

4-Methyl-2-pentanone (MIBK)

Acrolein

Acrylonitrile

OC |00 |00 |00 |00 | |00 |[C || 0|0 || X N[0 0[O0 0|[CC |0 0|0 |X|0|X|[XR|[XL|X0 [N |0 |0 |0 KL XXX
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TABLE 2-5

Chemicals Not Detected in Off-Base East Soldier Creek Surface Water

Chemical Group

Chemical |

Number of Samples

Volatile Organics

Benzene

8

(Continued)

Bromodichloromethane

Bromoform a'

/Bromomethane

|Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

cis-1,3-Dichloropropene

Dibromochloromethane

Dibromomethane

‘Dichlorodifluoromethane

{Ethyl methacrylate

Ethylbenzene

'Todomethane

Styrene

‘Tetrachlorocthene

‘Toluene

Itrans-1,2-Dichlorocthene

itrans-1.3-Dichloropropene

‘trans-1.4-Dichloro-2-butene

| Trichlorocthenc

'Trichlorofluoromethane

'Vinyl acetate

'Vinyl chloride

Xvlenes (total)

0| ooioc|co|lwioc|ovloc |00 | 00|20/ 00 |00 |00 |00 |00 |00|00|00 |00 |00|00| 0|0 | 0|0
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TABLE 2-6

Chemicals Not Detected in On-Base West Soldier Creek Sediments

Chemical Group \ Chemical Number of Samples
PCB's/Chlorinated Pesticides 14.4-DDD 38
4.4-DDE 38 |
4.4'-DDT | 38
alpha-BHC 38
alpha-Chlordane 38
Aroclor 1016 i 38
Aroclor 1221 38
B ] Aroclor 1232 38
) Aroclor 1242 38
] Aroclor 1248 38
Aroclor 1260 38
beta-BHC ; 38
delta-BHC 38
B Dicldrin | 38
Endosulfan I ‘ 38
‘Endosulfan II 38
B i 'Endosulfan sulfate 38 N
‘Endrin 38
Endrin aldehyde 38
‘gamma-BHC (Lindane) 38 ]
.  gamma-Chlordane 38
'Heptachlor 38 -
Heptachlor epoxide 38 ]
Methoxychlor 38
Toxaphene 38
Semivolatile Organics 1.2.4.5-Tetrachloro-benzene 38
11.2.4-Trichlorobenzene 38
- '1.3-Dichlorobenzene 38
1-Chloronaphthalene 38
1-Naphthylamine j 38
:2.3.4.6-Tetrachlorophenol ‘ 38 i
'2.4.5-Trichlorophenol “ 38
- .2.4,6-Trichlorophenol | 38
2.4-Dichlorophenol | 38
2.4-Dinitrophenol ‘ 38
2.4-Dinitrotoluenc 38 o
o 2.6-Dichlorophenol 38
) 2.6-Dinitrotoluene \ 38
:2-Chloronaphthalene ‘ 38 N
‘2-Chlorophenol o 38
) 12-Methylphenol 38
i2-Naphthylamine 38
2-Nitrophenol 38
2-Picoline 38

SD-1 ND of TABLE2-.XLS 12/22/95 6:22 PM
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TABLE 2-6

Chemicals Not Detected in On-Base West Soldier Creek Sediments

Chemical Group Chemical Number of Samples
Semivolatile Organics 3,3'-Dichlorobenzidine 38
(Continued) 3-Methylcholanthrene 38 )
I3-Nitroaniline 38
4.6-Dinitro-2-methylphenol 38
4-Aminobiphenyl 38
4-Bromophenylphenyl ether 38
4-Chloro-3-methylphenol 38
- - 4-Chloroaniline 38
4-Chloropheny! phenyl ether 38
4-Nitroaniline 38
4-Nitrophenol 38 ]
o 7,12-Dimethyvlbenz(a)-anthracene 38
\a.a-Dimethylphenethyl-amine 38 -
Aniline 38
Azobenzene 38
B Benzyl alcohol 38
bis(2-Chloroethoxy)methane 38
bis(2-Chloroethyl) ether 38
'bis(2-Chloroisopropyl)ether B 38
‘Diethyl phthalate 38
iDiphenylamine 38
|Ethyl methancsulfonate 38
'Hexachlorobenzene 38
) Hexachlorobutadiene 38
‘Hexachlorocyclopentadiene 38
‘Hexachloroethane 38 |
Isophorone 38
Methyvl methanesulfonate 38
N-Nitroso-di-n-propylamine 38
N-Nitroso-di-n-butylamine 38
N-Nitrosodiphenylamine 38
N-Nitrosopiperidine 38
Nitrobenzene 38
- p-Dimethylaminoazobenzene 38
Pentachlorobenzene 38
Pentachloronitrobenzene 38
Phenacetin 38
Phenol 38 .
{Pronamide 38 ‘
Volatile Organics I1,1.1,2-Tetrachloroethane 28
B :1.1.1-Trichloroethane 38
:1.1,2.2-Tetrachloroethane 29
:1.1.2-Trichloroethane 38 o
|1.1-Dichlorocthane 38 o

SD-1 ND of TABLE2-.XLS 12/22/95 6:22 PM
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TABLE 2-6

Chemicals Not Detected in On-Base West Soldier Creek Sediments

Chemical Group Chemical Number of Samples

Volatile Organics |1,1-Dichloroethene L |

(Continued) '1,2,3-Trichloropropane 38
i1,2-Dichloroethane 38
|1.2-Dichloropropane 38
2-Chloroethyl vinyl ether 38
2-Hexanone 38
4-Methyl-2-pentanone (MIBK) 38

VVVVVV Acrolein 38
Acrylonitrile 38
Bromodichloromethane 38 -
Bromoform 38
Bromomethane 38

3 Carbon tetrachloride 38

- Chloroethane 38
Chloroform 38
cis-1.3-Dichloropropene 38
iDibromochloromethane 38
iDibromomethane 38
iDichlorodifluoromethane 38 o
'Ethanol B 38
Ethyl methacrvlate 38 o
‘lodomethane 38 o
Stvrene 38
trans-1.2-Dichloroethene 3 B
trans-1.3-Dichloropropene 38
trans-1.4-Dichloro-2-butene 19 -
trans-1.4-Dichloro-2-butene 19 o
Trichlorofluoromethane 38
Vinyl acetate 38

SD-1 ND of TABLE2-.XLS 12/22/95 11:55 PM
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TABLE 2-7

Chemicals Not Detected in Off-Base West Soldier Creek Sediments

Chemical Group Chemical ; Number of Samples
Metals Thallium % 8
PCB's/Chlorinated Pesticides 4.4'-DDD
4,4'-DDE
44'-DDT
alpha-BHC

alpha-Chlordane
Aroclor 1016
Aroclor 1221
Aroclor 1232 :
| Aroclor 1242
tAroclor 1248 '
Aroclor 1260
beta-BHC
Dieldrin
'Endosulfan I
‘Endosulfan II
'Endosulfan sulfate
‘Endrin
Endrin aldehvde
rgamma-BHC (Lindanc)
gamma-Chlordane
{Heptachlor
"Heptachlor epoxide
‘Methoxychlor |
‘Toxaphene ‘
Semivolatile Organics 1.2.4.5-Tetrachloro-benzene
'1.2.4-Trichlorobenzene
-1.2-Dichlorobenzenc

; 1.3-Dichlorobenzene

1.4-Dichlorobenzene

' 1-Chloronaphthalenc

i 1-Naphthylamine
12.3.4.6-Tetrachlorophenol
12.4.5-Trichlorophenol
E2.4,6-Trichlor0phenol
2.4-Dichlorophenol
12.4-Dimethylphenol
2.4-Dinitrophenol
2.4-Dinitrotoluenc
12.6-Dichlorophenol
|2.6-Dinitrotoluene
2-C hloronaphthalene
2-Chlorophenol
2-Methylnaphthalene

R0 0[R2 0|0 |00 X O[XR|[X[0|X | 0 |[XICR|X|XI0|X X |[HR[0|R0I0|0[00[00|[00|00|00 |0 |00 |0|X|0C|00|
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TABLE 2-7

Chemicals Not Detected in Off-Base West Soldier Creek Sediments

Chemical Group

Chemical

Number of Samples

Semivolatile Organics

2-Methylphenol

8

(Continued)

2-Naphthylamine

2-Nitrophenol

2-Picoline

3.3'-Dichlorobenzidine

3-Methylcholanthrene

3-Nitroaniline

3/4-Methylphenol

4.6-Dinitro-2-methylphenol

4-Aminobiphenyl

4-Bromophenylphenyl ether

4-Chloro-3-methylphenol

4-Chloroaniline

|4-Chlorophenyl phenyl ether

'4-Nitroaniline

4-Nitrophenol

'7.12-Dimethylbenz(a)-anthracene

a.a-Dimethylphenethyl-amine

' Acenaphthene

.Acenaphthylene

‘Acctophenone

Aniline

i Azobenzenc

Benzidine

:Benzoic acid

|Benzyl alcohol

1 bis(2-Chloroethoxy)methane

'bis(2-Chloroethyl) ether

ibis(2-Chloroisopropyl)ether

‘Butyl benzy! phthalate

'Di-n-butyl phthalate

|Di-n-octyl phthalate

'Dibenz(a,j)acridine

‘Dibenzofuran

Diethyl phthalatc

‘Diphenylamine

Ethyl methanesulfonate

iFluorene

Hexachlorobenzene

Hexachlorobutadiene

Hexachlorocyclopentadiene

Hexachloroethane

Isophorone

Methyl methanesulfonate

O0 00|00 [ O0|OC |00 |00 00 00|00 |0 |00 |00 (|00 |00 00 |C0|C0[0 00 [00]|00|0 | 00|00|00 20|00 |00 0|0 0|l 0w |oo|o|ow o ooloe|ce

SD-2 ND of TABLE2-.XLS 12/22/95 6:22 PM
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TABLE 2-7

Chemicals Not Detected in Off-Base West Soldier Creek Sediments

Chemical Group

\ Chemical

Number of Samples

Semivolatile Organics

N-Nitroso-di-n-propylamine

8

(Continued)

N-Nitroso-di-n-butylamine

N-Nitrosodiphenylamine

N-Nitrosopiperidine

Naphthalene

Nitrobenzene

p-Dimethylaminoazobenzene

Pentachlorobenzene

Pentachloronitrobenzene

Pentachlorophenol

Phenacetin

Pronamide

Volatile Organics

1.1.1,2-Tetrachloroethane

1.1.1-Trichloroethane

eoRieay o cRiecRiiecliecliiecliie clie <RileoRilo e e

1.1.2.2-Tetrachloroethane

o

1.1.2-Tnichloroethane

|1.1-Dichloroethane

|1.1-Dichloroethene

'1.2.3-Trichloropropane

1 ,2-Dichlorqe~tbane

11.2-Dichloropropane

2-Chlorocthyl vinyl ether

2-Hexanone

|4-Methyl-2-pentanone (MIBK)

i Acrolein

lAcrylonilrilcr i

IBenzene

'Bromodichloromethane

Bromoform

Bromomcthane

Carbon disulfide

Carbon letrachloriae

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

rcis-1.3-Dichloropropene

Dibromochloromethane

Dibromomethane

Dichlorodifluoromethane

Ethanol

Ethyl methacrylate

Ethylbenzene

lodomethane

R[(L|0 X [0 [0 X {00 [XX[|X X000 |00 0000 X000 [0 |X|000

SD-2 ND of TABLE2-.XLS 12/22/95 11:56 PM
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TABLE 2-7

Chemicals Not Detected in Off-Base West Soldier Creek Sediments

Chemical Group ’: Chemical j Number of Samples
Volatile Organics |Styrene ; 8
(Continued) ‘Tetrachloroethenc |
trans-1,3-Dichloropropene |
trans-1,4-Dichloro-2-butene
trans-1,4-Dichloro-2-butene
Trichloroethene
'Trichlorofluoromethane
'Vinyl acetate
'Vinyl chloride ‘
‘Xvlenes (total)

R0 |0 |XR X & 0| ®

SD-2 ND of TABLE2-.XLS 12/22/95 6:22 PM Page 4 of 4



TABLE 2-8

Chemicals Not Detected in On-Base East Soldier Creek Sediments

Chemical Group | Chemical Number of Samples
PCB's/Chlorinated Pesticides 14,4'-DDD 61
'4.4'-DDE 61
- 4.4'-DDT 61
alpha-BHC 61
alpha-Chlordane 61 ]
Aroclor 1016 61 -
Aroclor 1221 61
Aroclor 1232 61
{Aroclor 1242 61 B
B Aroclor 1248 61 -
- Aroclor 1260 61 )
ibeta-BHC ol
;Dieldrin 61 )
{Endosulfan I 6l
‘Endosulfan I1 61
‘Endrin aldehyde 61
rgamma-BHC (Lindane) 61
rgamma-Chlordane 61 B
Toxaphene 61
Semivolatile Organics 1.2.4.5-Tetrachloro-benzene 61
1.2-Diphenylhydrazine 15 i
I-Naphthylamine 6l
2.3.4.6-Tetrachlorophenol 61
2.4.5-Tnchlorophenol 76 B
2.4.6-Trichlorophenol 76
:2.4-Dichlorophenol 76
12 4-Dinitrophenol i 76 B
:2.4-Dinitrotoluenc 76
.2.6-Dichlorophenol 61 B o
:2.6-Dinitrotoluene 61 |
12-Naphthylamine 61 -
12-Nitrophenol 76
B 12-Picoline 61
13.3"-Dichlorobenzidine 76 -
B 3-Methylcholanthrene 6l B
3-Nitroaniline 61
'3/4-Methylphenol 61 :
'4.6-Dinitro-2-methylphenol 76 o
) 4-Aminobiphenyl 61 o
'4-Bromophenyl phenyl ether 76 o
- 4-Chloro-3-methylphenol 76 B
4-Chloroaniline 61 7
4-Chlorophenyl phenyl ether 76
4-Nitroaniline 61 o

SD-3 ND of TABLE2-.XLS 12/22/95 6:23 PM
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TABLE 2-8

Chemicals Not Detected in On-Base East Soldier Creek Sediments

Chemical Group Chemical Number of Samples
Semivolatile Organics 14-Nitrophenol 76 ]
(Continued) 7,12-Dimethylbenz(a)-anthracene 61

a.a-Dimethylphenethyl-amine 61
Aniline 61
Azobenzene 61
Benzyl alcohol 61
bis(2-chlorocthoxy) methane 15 ]
) bis(2-Chloroethoxy) methane 61
Bis(2-chloroethyl) ether 15
bis(2-Chloroethyl) ether 61
Bis(2-chloroisopropyl) ether 15
bis(2-Chloroisopropyl) ether 61
Di-n-octylphthalate 15
Diethyl phthalate 76
Diphenylamine 6l
Ethyl methanesulfonate 6l -
Hexachlorobenzene 76
- tHexachlorobutadiene 3 76
- ‘Hexachlorocyclopentadiene 76
. 'Hexachloroethane 76 -
) |Methyl methanesulfonate 61
o IN-Nitroso-di-n-butviamine 61 B
o N-Nitroso-di-n-propyilamine 61
N-nitrosodi-n-propylamine 15
{N-Nitrosopiperidine o 61
Nitrobenzenc N 76
p-Dimethylaminoazobenzene 61
Pentachlorobenzene N 61 .
Pentachloronitrobenzene 61 o
Pentachlorophenol 76
Phenacetin 61 o
Phenol 76 -
Pronamide 61
Volatile Organics 1.1,1.2-Tetrachlorocthane 45
'1.1.1-Trichloroethane 76
11,1,2-Trichloroethane 7 76
1.1-Dichloroethane 76 o
1.1-Dichloroethene 76 A
1.2-Dichloropropane 76
2-Chloroethyl vinyl ether 76 -
| Acrolein 76 :
Acrylonitrile 76
Bromodichloromethane 76
Bromoform 76

SD-3 ND of TABLE2-XLS 12/22/95 6:23 PM
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TABLE 2-8

Chemicals Not Detected in On-Base East Soldier Creek Sediments

Chemical Group Chemical Number of Samples
Volatile Organics Bromomethane 76
(Continued) Carbon tetrachloride 76

Chloroethane 76
Cis-1.2-dichloroethene 15
Cis-1,3-dichloropropene 15
cis-1,3-Dichloropropene 61
Dibromochloromethane 76
Dibromomethanc 61
Dichlorodifluoromethanc 76
Ethanol 61
Ethyl methacrylate 61
Iodomethane 61
!Styrene 61
Tetrachlorocthylene 15
Toluene-D8 15
trans-1.2-Dichloroethene 61
iTrans-1,3-dichloropropene 15
trans-1.3-Dichloropropene 61
| Trichlorofluoromethane 76
Vinyl acetate 61
Vinyl chloride 76

SD-3 ND of TABLE2-XLS 12/22/95 6:23 PM
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Chemicals Not Detected in Off-Base East Soldier Creek Sediments

TABLE 2-9

Chemical Group | Chemical Number of Samples
PCB's/Chlorinated Pesticides i4.4'-DDD 19
4,4'-DDE 19
4.4'-DDT 19
Aroclor 1016 19 o
Aroclor 1221 19 B -
Aroclor 1232 19
Aroclor 1242 19
- Aroclor 1248 19
Aroclor 1260 19
Ibeta-BHC 19
delta-BHC 19 -
Dieldrin 19
Endosulfan | 19
Endosulfan 11 19
Endosulfan sulfate 19
Endrin 19
Endrin aldehvde 19
gamma-BHC (Lindane) 19
rgamma-Chlordane 19
IHeptachlor epoxide 9 -
o _ :Methoxvchlor 19
TToxaphenc 19
Semivolatile Organics 1.2-Diphenylhydrazine 10
- i4-Methylphenol ' 10
) ibis(2-chloroethoxy) methane 10
'Bis(2-chlorocthyl) ether 10
'Bis(2-chloroisopropyl) cther 10
Di-n-octylphthalate 10
N-nitrosodi-n-propylamine 10
- 1.2.4,5-Tetrachloro-benzene 19
1-Naphthylamine 19
_|2.3.4,6-Tetrachlorophenol 19
2.6-Dichlorophenol 19
- 2.6-Dinitrotoluenc 19 ]
2-Naphthylamine 19 -
2-Picoline 19
3-Methylcholanthrene 19
3-Nitroaniline 19 o
4-Aminobiphenyl 19
4-Chloroaniline 19
B 4-Nitroaniline 19
7.12-Dimethylbenz(a)-anthracene 19
a.a-Dimethylphenethyl-amine 9
i Acetophenone - 19
{Aniline 19
Azobenzene 19
Benzoic acid 19

SD-4 ND of TABLE2-.XLS 12/22/95 6:23 PM
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TABLE 2-9

Chemicals Not Detected in Off-Base East Soldier Creek Sediments

Chemical Group Chemical Number of Samples
Semivolatile Organics Benzyl alcohol 19
(Continued) bis(2-Chloroethoxy) methane 19

bis(2-Chloroethyl) ether 19
bis(2-Chloroisopropyl) ether 19
Dibenz(a,j)acridine 19
Diphenylamine 19
Ethyl methanesulfonate 19
Methyl methanesulfonate 19
N-Nitroso-di-n-butylamine B 19
N-Nitroso-di-n-propylamine 19
N-Nitrosopiperidine 19
p-Dimethylaminoazobenzene i 19
Pentachlorobenzene 19 B
Pentachloronitrobenzene 19
Phenacetin 19
Pronamide 19
Benzidine 20
B '1.2.4-Trichlorobenzene 29
-1.3-Dichlorobenzene 29
:2.4,5-Trichlorophenol - 29
12.4.6-Trichlorophenol 29
'2.4-Dichlorophenol 29
) 2.4-Dimethylphenol 29 -
| 2.4-Dinitrophenol 29
'2.4-Dinitrotoluene 29
2-Chlorophenol 29 -
| 12-Methylphenol 29
- 2-Nitrophenol 29 -
13.3'-Dichlorobenzidine 29
'4.6-Dinitro-2 -methylphenol 29
34-Bromophenyl phenyl ether 29
:4-Chloro-3-methylphenol 29
'4-Chlorophenyl phenyl ether 29
14-Nitrophenol 29
Acenaphthylene 29
Dimethyl phthalate 29
/Hexachlorobenzene 29
Hexachlorobutadiene 29
Hexachlorocyclopentadiene 29
Hexachloroethane 29
Isophorone 29
Nitrobenzene 29
iPentach]orophenol 29
IPhenol 29
Volatile Organics '1,2,4-Trimethylbenzene 10
{1.3-Dichlorobenzene 10

i Cis-1.2-dichloroethene

10

SD-4 ND of TABLE2-.XLS 12/22/95 6:23 PM
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TABLE 2-9

Chemicals Not Detected in Off-Base East Soldier Creek Sediments

Chemical Group

Chemical

Number of Samples

Volatile Organics Cis-1.3-dichloropropene 10
(Continued) Tetrachloroethylene 10
Toluene-D8 10 -
Trans-1,3-dichloropropene 10
1.1,1,2-Tetrachloroethane 13
1,2,3-Trichloropropane 19
2-Hexanone 19
14-Methyl-2-pentanone (MIBK) 19
cis-1,3-Dichloropropene 19 |
- Dibromomethane 19
1Ethanol 19
77777 fEthyl methacrylate 19
lodomethane 19
|Styrene 19
I Tetrachloroethene 19
77777 itrans-1.2-Dichloroethene 19
- trans-1.3-Dichloropropene 19
trans-1,4-Dichloro-2-butene 19 3
- Vinyl acetate 19 ~
1.1.2,2-Tetrachloroethane 26
1.1.1-Trichloroethane 29
'1,1.2-Trichlorocthane B 29
:1.1-Dichloroethane 29
“1.1-Dichloroethenc 29
1.2-Dichloroethane 29
1.2-Dichloropropane 29
2-Chloroethyl vinyl ether 29 )
Benzene 29
!Bromodichloromethane 29
|Bromoform 29 )
) Bromomethane 29 7
Carbon tetrachloride 29
Chloroethane 29
Chloroform 29 o
Chloromethane 29
'Dibromochloromethane 29
‘Dichlorodifluoromethane 29
Ethylbenzene 29 o
Trichloroethene 29 o
Trichlorofluoromethane 29 ]
Vinyl chloride 29
Xyvlenes (total) 29

SD-4 ND of TABLE2-.XLS 12/22/95 6:23 PM
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TABLE 2-10

CHEMICALS DETECTED AT LOW FREQUENCY AND CONCENTRATION

ON-BASE EAST SOLDIER CREEK SURFACE WATER

Group Chemical Max conc Frequency
(mg/L)
Metals Cadmium 0.0061 1/36
Cobalt 0.0066 1/36
Mercury 0.0001 1/36
Semivolatile Organics 3/4-Methvlphenol 0.0013 1/36
Diethvl phthalate 0.0012 1/36
Phenanthrene 0.0016 1/36
Volatile Organics Tetrachloroethene 0.0012 1/36

SW-3 Low of TABLE2-.XLS 12/22/95 6:24 PM
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TABLE 2-11

CHEMICALS DETECTED AT LOW FREQUENCY AND CONCENTRATION
ON-BASE WEST SOLDIER CREEK SEDIMENTS

Group Chemical Max conc Frequency
(mg/kg)
Semivolatile Organics Acenaphthylene 0.044 1/38
Acetophenone 0.13 1/38
Benzoic acid 0.071 1/38
Di-n-octyl phthalate 0.093 1/38
Dibenz(a,))acridine 0.089 1/38
Pentachlorophenol 0.055 1/38
Volatile Organics Benzene 0.0016 1/38
Ethylbenzene 0.035 1/38
Xylenes (total) 0.084 1/38

SD-1 Low of TABLE2-.XLS 12/22/95 6:24 PM
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TABLE 2-12

CHEMICALS DETECTED AT LOW FREQUENCY AND CONCENTRATION

ON-BASE EAST SOLDIER CREEK SEDIMENTS

Group Chemical Max conc Frequency
(mg/kg)
Metals Thallium 0.38 1/76
Chlorinated Pesticides Endosulfan sulfate 0.041 2/61
Endrin 0.002 2/61
Heptachlor epoxide 0.21 2/61
Methoxychlor 0.019 2/61
Semivolatile Organics 2.4-Dimethylphenol 0.066 1/76
2-Chlorophenol 0.084 2/76
2-Methylphenol 0.008 1/76
Acetophenone 0.085 1/61
Dibenz(a,j)acridine 1.4 1/61
Isophorone 0.098 2/76
N-Nitrosodiphenylamine 0.15 1/76
Volatile Organics 1.1.2.2-Tetrachloroethane 0.0026 2/62
1,2,3-Trichloropropane 0.0017 1/61
1,2-Dichloroethane 0.0068 3/76
2-Hexanone 0.014 1/61
4-Methyl-2-pentanone (MIBK) 0.005 1/61
Chloroform 0.0025 1/76
Chloromethane 0.0018 1/76
Trichloroethene 0.0019 2/76
trans-1.4-Dichloro-2-butene 0.0012 1/61

SD-3 Low of TABLE2-.XLS 12/22/95 6:25 PM
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TABLE 2-13

CHEMICALS DETECTED AT LOW FREQUENCY AND CONCENTRATION
OFF-BASE EAST SOLDIER CREEK SEDIMENTS

Group Chemical Max conce Frequency
(mg/kg)

Semuivolatile Organics 1.2-Dichlorobenzene 0.13 1/29
1.4-Dichlorobenzene 0.046 1/29
Butyl benzyl phthalate 0.036 1/29
Dibenz(a.h)anthracene 0.2 1/29
Diethvl phthalate 0.011 1/29
Fluorene 0.44 1/29
N-Nitrosodiphenyvlamine 0.05 1/29
Naphthalenc 4.9 1/29

Volatile Organics Acrolein 0.01 1/29

SD-4 Low of TABLE2-.XLS 12/22/95 6:25 PM Page 1 of 1



ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
ON-BASE WEST SOLDIER CREEK SURFACE WATER

TABLE 2-14

Surface Water
Chemical Concentration® Daily Ingestion” RDA ¢
(mg/L) (mg/day) (mg/day)

Calcium 51.1 25.55 1200
Chromium 0.011 0.0055 0.2
Copper 0.019 0.0095 3
Iron 3.4 1.7 30
Magnesium 9.3 4.65 400
Manganese 0.44 0.22 5
Molybdenum 0.077 0.0385 0.25
Potassium 0.33 0.165 390-780"
Sodium 3.8 1.9 1000°
Selenium 0.0036 0.0018 0.075
Zinc 0.068 0.034 15
Note:

a. Maximum detected concentration.

b. Assumes an individual who ingests 0.5 L/dav of surface water.

¢. Recommended Daily Allowance established by the National Research Council (1989).

d. Recommended Potassium intake 1s based on body weight. For a small child weighing 10kg,

the recommended daily intake 1s 390-780 mg/day.
¢. Sodium is recognized as an essential nutrient. but there is no RDA value. Ingestion of less than 1.000 mg/day

is considered a sodium-restricted diet. The average dietary intake of sodium 1 the U.S. is greater than

10.000 mg/day (Nelson, 1992).

SW-1 Nutr of TABLE2-.XLS 12/22/95 6:25 PM
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TABLE 2-15

ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Surface Water
Chemical Concentration® Daily Ingestion” RDA
(mg/L) (mg/day) (mg/day)

Calcium 73.7 36.85 1200
Copper 0.019 0.0095 3
Iron 0.26 0.13 30
Magnesium 32.6 16.3 400
Manganese 0.093 0.0465 5
Molybdenum 0.48 0.24 0.25
Potassium 3.1 1.55 390-780¢
Sodium 66.4 332 1000°
Zinc 0.026 0.013 15
Note:

a. Maximum detected concentration.

=2

Assumes an individual who ingests 0.5 L/day of surface water.

o

Recommended Daily Allowance established by the National Research Council (1989).

~

Recommended Potassium intake 1s based on body weight. For a small child weighing 10kg,

the recommended daily intake 1s 390-780 mg/day.

¢. Sodium 1s recognized as an essential nutrient. but there is no RDA value. Ingestion of less than 1,000 mg/day
1s considered a sodium-restricted diet  The average dietary intake of sodium 1n the U.S. 1s greater than
10,000 mg/day (Nelson, 1992).

SW-2 Nutr of TABLE2-.XLS 12/24/95 6:10 AM
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TABLE 2-16

ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Surface Water
Chemical Concentration” Daily Ingestion® RDA ¢
(mg/L) (mg/day) (mg/day)

Calcium 99.6 49.8 1200
Chromium 0.52 0.26 0.2
Copper 03 0.15 3
Iron 1.3 0.65 30
Magnesium 45.7 22.85 400
Manganese 0.2 0.1 5
Phosphorus 0.57 0.285 1200
Potassium 57 2.85 390-780"
Sodium 125 62.5 1000°
Selenium 0.0041 0.00205 0.075
Zinc 0.043 0.0215 15
Note:
a. Maximum detected concentration.
b. Assumes an individual who ingests 0.5 L/day of surface water.
¢. Recommended Daily Allowance established by the National Research Council (1989).
d. Recommended Potassium intake 1s based on bodv weight. For a small child weighing 10kg,

the recommended dailv intake 15 390-780 mg/dav.

Sodium 1s recognized as an essential nutrient. but there 1s no RDA value. Ingestion of less than 1,000 mg/dav
1s considered a sodium-restricted diet. The average dietary intake of sodium in the U.S. is greater than
10.000 mg/day (Nelson, 1992).

SW-3 Nutr of TABLE2-XLS 12/22/95 6:26 PM
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TABLE 2-17

ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Surface Water
Chemical Concentration” Daily Ingestion® RDA ¢
(mg/L) (mg/day) (mg/day)

Calcium 62.5 31.25 1200
Chromium 0.18 0.09 0.2
Copper 0.026 0.013 3
Iron 0.45 0.225 30
Magnesium 30.6 15.3 400
Manganese 0.22 0.11 5
Molvbdenum 0.066 0.033 0.25
Potassium 5.7 2.85 390-780°
Sodium 203 101.5 1000°
Selenium 0.0041 0.00205 0.075
Zinc 0.037 0.0185 15
Note:

a. Maximum detected concentration.
b. Assumes an individual who ngests 0.5 L/day of surface water.

¢. Recommended Daily Allowance established by the National Research Council (1989).

d. Recommended Potassium intake 1s based on body weight. For a small child weighing 10kg,

the recommended daily intake 1s 390-780 mg/day.
¢. Sodium 1s recognized as an essential nutrient, but there is no RDA value. Ingestion of less than 1,000 mg/day

1s considered a sodium-restricted diet. The average dietarv intake of sodium in the U.S. is greater than

10,000 mg/dav (Nelson, 1992).

SW-4 Nutr of TABLE2-XLS 12/22/95 6:26 PM
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ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
ON-BASE WEST SOLDIER CREEK SEDIMENTS

TABLE 2-18

Sediment
Chemical Concentration® Daily Ingestion® RDA®
(mg/kg) (mg/day) (mg/day)

Calcium 97300 9.73 1200
Copper 650 0.065 3
Iron 28500 2.85 30
Magnesium 22200 2.22 400
Manganese 4250 0.425 5
Molybdenum 62.6 0.00626 0.25
Potassium 4880 0.488 390-780°
Sodium 1890 0.189 1000°
Selenium 12 0.0012 0.075
Zinc 1790 0.179 15
Note:

a. Maximum detected concentration.

b. Assumes an individual who ingests 100 mg/day of sediment per day.

c. Recommended Daily Allowance established by the National Research Council (1989).

d. Recommended Potassium intake 1s based on body weight. For a small child weighing 10kg,

the recommended dailv intake 1s 390-780 mg/day.

e. Sodium is recognized as an essential nutrient, but there 1s no RDA value. Ingestion of less than 1,000 mg/day

1s considered a sodium-restricted diet. The average dietary intake of sodium in the U.S. 1s greater than
10,000 mg/day (Nelson, 1992).

SD-1 Nutr of TABLE2- XLS 12/23/95 12:01 AM
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TABLE 2-19

ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
OFF-BASE WEST SOLDIER CREEK SEDIMENTS

Sediment
Chemical Concentration” Daily Ingestion® RDA®
(mg/kg) (mg/day) (mg/day)

Calcium 116000 11.6 1200
Chromium 205 0.0205 0.2
Copper 2210 0.221 3
Iron 13900 1.39 30
Magnesium 12900 1.29 400
Manganese 820 0.082 5
Molybdenum 244 0.00244 0.25
Potassium 1650 0.165 390-780"
Sodium 255 0.0255 1000°
Selenium 0.3 0.00003 0.075
Zinc 890 0.089 15
Note:
a. Maximum detected concentration.

b.
c.

d.

Assumes an individual who ingests 100 mg/day of sediment per day.
Recommended Daily Allowance established by the National Research Council (1989).
Recommended Potassium intake is based on body weight. For a small child weighing 10kg,
the recommended daily intake is 390-780 mg/day.
Sodium 1s recognized as an essential nutrient, but there is no RDA value. Ingestion of less than 1.000 mg/day
1s considered a sodium-restricted diet. The average dietary intake of sodium in the U.S. is greater than
10,000 mg/dayv (Nelson, 1992).

SD-2 Nutr of TABLE2-.XLS 12/23/95 12:01 AM
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ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS

TABLE 2-20

ON-BASE EAST SOLDIER CREEK SEDIMENTS

Sediment
Chemical Concentration® Daily Ingestion” RDAS
(mg/kg) (mg/day) (mg/day)

Calcium 210000 21 1200
Chromium 2040 0.204 0.2
Copper 583 0.0583 3
Iron 26600 2.66 30
Magnesium 22800 2.28 400
Manganese 2030 0.203 3
Molybdenum 56.4 0.00564 0.25
Potassium 2060 0.206 390-780°
Sodium 1090 0.109 1000°
Selenium 3 0.0003 0.075
Zinc 512 0.0512 15
Note:

a. Maximum detected concentration.

b. Assumes an individual who ingests 100 mg/day of sediment per day.

¢. Recommended Daily Allowance established by the National Research Council (1989).

d. Recommended Potassium intake is based on bodv weight. For a small child weighing 10kg,
the recommended daily intake 1s 390-780 mg/day.
¢. Sodium 1s recognized as an essential nutrient, but there 1s no RDA value. Ingestion of less than 1,000 mg/dav

1s considered a sodium-restricted diet. The average dietarv intake of sodium in the U.S. 1s greater than
10,000 mg/day (Nelson. 1992).

SD-3 Nutr of TABLE2-XLS 12/23/95 12:01 AM

Page 1 of 1



TABLE 2-21

ESSENTIAL NUTRIENTS EXCLUDED AS POTENTIAL COCS
OFF-BASE EAST SOLDIER CREEK SEDIMENTS

Sediment
Chemical Concentration® Daily Ingestion® RDA®
(mg/kg) (mg/day) (mg/day)

Calcium 63200 6.32 1200
Chromium 831 0.0831 0.2
Copper 43.7 0.00437 3
Iron 19800 1.98 30
Magnesium 30600 3.06 400
Manganese 1930 0.193 5
Molvbdenum 7.2 0.00072 0.25
Potassium 1750 0.175 390-780¢
Sodium 666 0.0666 1000°
Selenium 0.31 0.000031 0.075
Zinc 268 0.0268 15
Note:
a. Maximum detected concentration.

b.
C.
d.

Assumes an individual who ingests 100 mg/day of sediment per day.
Recommended Daily Allowance established by the National Research Council (1989).
Recommended Potassium intake is based on body weight. For a small child weighing 10kg,
the recommended daily intake 1s 390-780 mg/day.
Sodium 1s recognized as an essential nutrient, but there 1s no RDA value. Ingestion of less than 1,000 mg/day
1s considered a sodium-restricted diet. The average dietary intake of sodium in the U.S. 1s greater than
10.000 mg/day (Nelson, 1992).
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TABLE 2-22

CHEMICALS DETECTED AT BACKGROUND LEVELS
ON-BASE WEST SOLDIER CREEK SURFACE WATER

Background 2 x Background Maximum Dectected
Concentration” Concentration Concentration

Chemical (mg/L) (mg/L) (mg/L)
Aluminum 44 8.7 43
Barium 0.74 1.5 0.33
Manganese 1.6 32 0.44

Zinc 0.12 0.24 0.068

Copper 0.048 0.096 0.019

Lead 0.012 0.024 (.0066

Note: a. Samples taken from upper stream. off-base Crutcho Creek were used to identify background concentrations

SW-1 Background OF TABLE2-.XLS 4/17/96 5:47 PM
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TABLE 2-23

CHEMICALS DETECTED AT BACKGROUND LEVELS
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration

Chemical (mg/L) (mg/L) (mg/L)
Aluminum 4.4 8.7 0.10
Barium 0.74 1.5 0.38
[ron 3.0 5.9 0.26
Manganese 1.6 32 0.093
Zinc 0.12 0.24 0.026
Copper 0.048 0.096 0.019
Lead 0.012 0.024 0.0034

Note: a. Samples taken from upper stream. off-base Crutcho Creck were used to identify background concentrations

SW-2 Background OF TABLE2-.XLS 417/96 5:47 PM
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TABLE 2-24

CHEMICALS DETECTED AT BACKGROUND LEVELS
ON-BASE EAST SOLDIER CREEK SURFACE WATER

Background 2 x Background Maximum Detected
Concentration” Concentration Concentration

Chemical (mg/L) (mg/L) (mg/L)
Aluminum 14 8.7 0.7
Barium 0.74 1.5 0.68
Iron 3.0 5.9 1.3
Zinc 0.12 0.24 0.043
Copper 0.048 0.096 (.30
Lead 0.012 0.024 0.030

Note: a. Samples taken from upper stream. off-base Crutcho Creck were used to identify background concentrations

Background OF TABILLE2-XLS 417/96 5:47 PM
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TABLE 2-25

CHEMICALS DETECTED AT BACKGROUND LEVELS
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration

Chemical (mg/L) (mg/L) (mg/L)
Aluminum 44 8.7 (.33
Barium 0.74 1.5 (.48
Iron 3.0 5.9 (.45
Manganese 1.6 32 (.22
Zinc 0.12 0.24 0.037
Copper 0.048 0.096 0.026

Lcad 0.012 0.024 0.0025

Note: a. Samples taken from upper stream. off-base Crutcho Creck were used to identify background concentrations

SW-4 Background OF TABLE2-.XLS 4/17/96 5:47 PM
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TABLE 2-26

CHEMICALS DETECTED AT BACKGROUND LEVELS
ON-BASE WEST SOLDIER CREEK SEDIMENTS

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration
Chemical (mg/kg) (mg/kg) (mg/kg)
Aluminum 17.000 34.000 23.000
Arsenic 14 28 7
Barium 2.600 5.200 4.700
Iron 71.000 142.000 28.500
Manganesc 7.500 15.000 +4.250

Note: a. Samples taken from upper stream. off-base Crutcho Creck were used to identify background concentrations

Sd-1 Background Of TABLE2-XLS 4/17/96 5:48 PN
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TABLE 2-27

CHEMICALS DETECTED AT BACKGROUND LEVELS

OFF-BASE WEST SOLDIER CREEK SEDIMENTS

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration
Chemical (mg/kg) (mg/kg) (mg/kg)
Aluminum 17.000 34.000 9910
Arsenic 14 28 9
Barium 2.600 5.200 3.850
Cadmium 7 15 8
[ron 71.000 142.000 13.900
Manganesc 7.500 15.000 820
Sclenium 1 2 0.3
Silver 7 14 3.6

Notc: a. Samples taken from upper stream. off-base Crutcho Creek were used to identify background concentrations

Sd-2 Background of TABLE2-.XLS 4/17/96 5:48 PM
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TABLE 2-28

CHEMICALS DETECTED AT BACKGROUND LEVELS
ON-BASE EAST SOLDIER CREEK SEDIMENTS

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration
Chemical (mg/kg) (mg/kg) (mg/kg)
Aluminum 17.000 34.000 16.000
Arsenic 14 28 11
Barium 2.600 5.200 2.500
Iron 71.000 142.000 26.600
Manganese 7.540 15.080 2.030

Note: a. Samples taken from upper strecam. off-base Crutcho Creek were used to identify background concentrations

Sd-3 Background of TABLE2-.XLS 4:17/96 5:48 PM
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TABLE 2-29

CHEMICALS DETECTED AT BACKGROUND LEVELS
OFF-BASE EAST SOLDIER CREEK SEDIMENTS

Background 2 x Background Maximum Detected
Concentration® Concentration Concentration
Chemical (mg/kg) (mg/kg) (mg/kg)
Aluminum 17.000 34.000 12.600
Arsenic 14 28 8
Barium 260 520 1.860
Copper 56 112 44
Iron 71.000 142.000 19.800
Manganese 7.500 15.000 1.930
Selenium 1.0 2.0 0.31

Notc: a. Samples taken from upper stream. off-base Crutcho Creck were used to identify background concentrations

Sd-4 Background of TABLE2-XLS 4/17/96 5:48 PM
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TABLE 2-30

CHEMICALS OF CONCERN
ON-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected | Minimum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/L) (mg/L)
Metals
Arsenic 0.0035 0.001 5/7
Cobalt 0.031 0.004 3/7
Nickel 0.33 0.018 6/7
Vanadium 0.013 0.0072 2/7
Semivolatile Organics
3/4-Methylphenol 0.0017 0.0017 1/7
N-Nitroso-di-n-propylamine 0.0018 0.0018 1/7
Phenol 0.0014 0.0014 1/7
Volatile Organics
Acetone 0.0067 0.0046 2/7
Chlorobenzene 0.0018 0.0018 1/7
Methylene chloride 0.0026 0.0011 4/7
Tetrachloroethene 0.011 0.002 517
Toluene 0.0017 0.0017 1/7
Trichloroethene 0.014 0.0014 4/7
Vinyl chloride 0.001 0.001 1/7
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TABLE 2-31

CHEMICALS OF CONCERN
OFF-BASE WEST SOLDIER CREEK SURFACE WATER

Maximum Detected | Minimum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/L) (mg/L)
Metals
Arsenic 0.0018 0.001 3/8
Thallium 0.0011 0.0011 1/8
Vanadium 0.014 0.0059 6/8
Volatile Organics
Carbon disulfide 0.001 0.001 1/8
Methylene chloride 0.0027 0.0011 5/8

SW-2 COCs of TABLE2-XLS 2/1/96 4:22 PM
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ON-BASE EAST SOLDIER CREEK SURFACE WATER

TABLE 2-32

CHEMICALS OF CONCERN

Maximum Detected | Minimum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/L) (mg/L)
Metals
Arsenic 0.0033 0.001 23/36
Molybdenum 0.57 0023 28/36
Nickel 0.093 0.01 8/36
Vanadium 0.03 0.0067 34/36
Chlorinated Pesticides
Aldrin 0.0001 0.000047 2/36
Semivolatile Organics
4-Nitrophenol 0.002 0.0012 5/36
Benzoic acid 0.0039 0.0013 5/36
Benzyl alcohol 0.0017 0.001 3/36
bis(2-Ethylhexyl)phthalate 0.0046 0.0009 /36
Fluoranthene 0.0015 0.0012 2/36
Phenol 0.0035 0.0012 3/36
Volatile Organics
2-Butanone (MEK) 0.0028 0.0017 2/36
Acetone 0.012 0.0053 13/36
Bromoform 0.0026 0.0013 9/36
Chloroform 0.0018 0.0014 2/36
Methylene chloride 0.15 0.0012 23/36
Toluene 0.0014 0.0011 2/36

SW-3 COCs of TABLE2-.XLS 2/1/96 3:41 PM
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TABLE 2-33

CHEMICALS OF CONCERN
OFF-BASE EAST SOLDIER CREEK SURFACE WATER

Maximum Detected | Minimum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/L) (mg/L)
Metals

Arsenic 0.0014 0.0012 4/8
Cadmium 0.0036 0.0036 1/8
Cobalt 0.0068 0.0068 1/8
Nickel 0.08 0.0095 3/8
Thallium 0.0012 0.0012 1/8
Vanadium 0.011 0.0053 6/8

Chlorinated Pesticides
Aldrin 0.0001 0.000032 2/8

Semivolatile Organics
bis(2-Ethylhexvl)phthalate 0.0036 0.0014 3/8
Phenol 0.0012 0.001 3/8

Volatile Organics

Acetone 0.0061 0.0052 3/8
Methvlene chloride 0.051 0.001 8/8
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ON-BASE WEST SOLDIER CREEK SEDIMENTS

TABLE 2-34

CHEMICALS OF CONCERN

Maximum Detected

Minimum Detected

Frequency of

Chemical Concentration Concentration Detection
(mg/kg) (mg/ke)
Metals
Antimony 7.5 6.2 4/38
Beryllium 1.9 0.35 38/38
Cadmium 132 0.69 31/38
Chromium 3210 11.6 38/38
Cobalt 126 2.8 38/38
Lead 746 6.8 37/38
Mercury 0.9 0.094 11/38
Nickel 3160 15 38/38
Silver 205 0.55 25/38
Thallium 0.2 0.12 8/38
Vanadium 95.7 13 38/38
PCBs/Pesticides
Aldrin 0011 0.0088 3/38
Aroclor 1254 33 0.038 28/38
Semivolatile organics
1,2-Dichlorobenzene 0.57 0.048 8/38
1,4-Dichlorobenzene 0.21 0.06 5/38
2,4-Dimethylphenol 0.35 0.05 5/38
2-Methylnaphthalene 0.15 0.042 S/38
3/4-Methylphenol 0.22 0.046 S/38
Acenaphthene 0.46 0.041 11738
Anthracene 0.85 0.05 18/38
Benzidine 0.43 0.16 2/38
Benzo(a)anthracene 3.1 0.043 29/38
Benzo(a)pyrene 2 0.049 29/38
Benzo(b)fluoranthene 6.6 0.04 32/38
Benzo(g,h,1)perylene 1.9 0.061 26/38
Benzo(k)fluoranthene 2.4 0.068 9/38
bis(2-Ethylhexyl)phthalate 8 0.089 28/38
Butyl benzyl phthalate 0.37 0.18 2/38
Chrysene 5 0.04 33/38
Di-n-butyl phthalate 0.15 0.15 2/38
Dibenz(a, h)anthracene 0.75 0.069 7/38
Dibenzofuran 0.36 0.056 S/38
Dimethyl phthalate 0.075 0.039 4/38
Fluoranthene 6.7 0.044 34/38
Fluorene 0.57 0.06 11/38
Indeno(1,2,3-cd)pyrene 1.7 0.044 26/38
Naphthalene 0.45 0.078 7/38
Phenanthrene 5.2 0.052 27/38
Pyrene 6.8 0.044 34/38
Volatile Organics
2-Butanone (MEK) 0.026 0.0021 10/38
Acetone 0.13 0.0046 20/38
Carbon disulfide 0.011 0.0018 3/38
Chlorobenzene 0.1 0.0018 5/38
Chloromethane 0.0033 0.0033 2/38
Methylene chlonde 0.024 0.0013 34/38
Tetrachloroethene 0.016 0.0055 3/38
Toluene 0.018 0.0016 14/38
Trichloroethene 0.077 0.0019 5/38
Vinyl chloride 0.015 0.013 3/38
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OFF-BASE WEST SOLDIER CREEK SEDIMENTS

TABLE 2-35

CHEMICALS OF CONCERN

Maximum Detected

Maximum Detected

Frequency of

Chemical Concentration Concentration Detection
(mg/kg) (mg/kg)
Metals
Antimony 8.1 7.9 2/8
Beryllium 0.79 0.23 5/8
Cobalt 10.2 2 8/8
Lead 4400 9.7 8/8
Mercury 0.12 0.12 1/8
Nickel 274 13.2 8/8
Vanadium 26.7 5.4 8/8
PCBs/Pesticides
Aldrin 0.045 0.045 1/8
Aroclor 1254 1.7 0.22 7/8
delta-BHC 0.0012 0.0012 1/8
Semivolatile organics
Anthracene 0.075 0.075 1/8
Benzo(a)anthracene 3.5 0.054 3/8
Benzo(a)pyrene 2.1 0.067 3/8
Benzo(b)fluoranthene 0.92 0.048 4/8
Benzo(g,h,i)perylene 0.62 0.05 3/8
Benzo(k)fluoranthene 53 53 1/8
bis(2-Ethylhexyl)phthalate 4.9 0.087 7/8
Chrysene 3.7 0.051 4/8
Dibenz(a,h)anthracene 0.17 0.12 2/8
Dimethyl phthalate 0.045 0.045 1/8
Fluoranthene 5.3 0.044 6/8
Indeno(1,2,3-cd)pyrene 0.6 0.045 3/8
Phenanthrene 0.93 0.042 3/8
Phenol 0.063 0.063 1/8
Pyrene 6.4 0.047 5/8
Volatile Organics
Acetone 0.03 0.0037 3/8
Methylene chloride 0.0035 0.0013 7/8
Toluene 0.0022 0.0022 1/8
trans-1,2-Dichloroethene 0.0015 0.0015 1/8
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TABLE 2-36

CHEMICALS OF CONCERN
ON-BASE EAST SOLDIER CREEK SEDIMENTS

Maximum Detected | Minimum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/kp) (mg/ke)
Metals
Antimony 22 S.4 12/66
Beryllium 0.96 0.07 48/76
Cadmium 415 0.21 73/76
Cobalt . 56.7 1.3 56/61
Icad 480 7.8 68/71
IMercury 35 0.06 59/76
Nickel 1220 1.7 75/76
Sitver 130 0.36 52/76
Vanadium 48.7 1.8 61/61
PCBs/Pesticides
Aldrin 0.84 0.0011 30/61
Aroclor 1254 40 0.07 40/61
delta-BHC 0.37 0.034 5/61
Heptachlor 52 0.002 32/61
Semivolatile organics
1,2,4-Trichlorobenzene 0.43 0.008 4/76
1,2-Dichlorobenzenc 3.7 0.01 9/76
1,3-Dichlorobenzene 3 0.008 6/76
1,4-Dichlorobenzene 33 0.076 7176
1-Chloronaphthalene 5.2 0.054 15/61
2-Chloronaphthalene 1.4 0.062 12/76
2-Methylnaphthalene 1.2 0.044 12/61
4-Methylphenol 0.019 0.019 1/15
Acenaphthenc 8 0.048 36/61
Acenaphthylene 3.9 0.002 7176
Anthracene 26 0.016 51/76
(Benzidien 370 7.5 2/64
{Benzo(a)anthracene 39 0.042 61/76
[Benzoga)pyrene 26 0.02 63/76
[IBenzo(b)fluoranthene 33 0.011 65/76
"Bcnzo(g,h,i)pcrylcnc 17 0.02 53/76
“Bcnzo(k)ﬂuoramhcne 39 0.011 17/76
[Benzoic acid 0.17 0.041 5/61
i[bis(2-Ethylhexyl)phthalate 23 0.044 73/76
[Butyl benzy! phthalate 6 0.03 8/76
{lchrysene 35 0.024 7076
[IDi-n-butyl phthalate 4.6 0.01 12176
|IDi-n-octy! phthalate 11 0.057 9/61
"Dibcnda,h)am.hraccne 10 0.054 21/76
[IDibenzofuran 5.5 0.046 28/61
|[Dimethy! phthalate 0.66 0.41 4/76
"Fluoranthcnc 53 0.021 73/76
{{Fluorene 12 0.009 4276
[fndeno(1,2,3-cd)pyrene 19 0.088 51776
|INaphthalene 5.9 0.05 34/76
lPhenanthrene 58 0.057 70/76
[Pyrenc 55 0.012 74/76
Volatile Organics
2-Butanone (MEK) 29 0.0019 25/61
Acctone 0.95 0.0025 44/61
[Benzene 0.0056 0.0015 4/76
Carbon disulfide 0.011 0.0012 12/61
[Chlorobenzene 1500 0.0014 40/76
[Ethylbenzene 0.013 0.0023 6/76
hvlc(hylcnc chloride 0.6 0.0016 44/76
[Tetrachlorocthene 0.017 0.0014 6/61
[Tolucne 0.073 0.0013 25/76
ylenes (total) 12 0.0017 13/76
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TABLE 2-37

CHEMICALS OF CONCERN
OFF-BASE EAST SOLDIER CREEK SEDIMENTS

Maximum Detected | Maximum Detected Frequency of
Chemical Concentration Concentration Detection
(mg/kg) (mg/kg)
Metals
| Antimony - 45 4.5 1/19
Beryllium 0.6 0.13 26/29
{Cadmium 123 0.25 17/29
Cobalt 14.6 2.6 19/19
Lead 107 0.7 25/29
Mercury 0.6 0.081 13/29
INickel 347 1 29/29
Silver 19.4 0.99 9/29
Thallium 9 0.15 2/29
Vanadium 25.1 8.4 19/19
PCBs/Pesticides
IAldrin 0.086 0.0053 6/19
jalpha-BHC 0.002 0.0017 2/19
alpha-Chlordane 0.91 0.91 1/19
lAroclor 1254 9.7 0.074 11/19
Heptachlor 0.97 0.0017 10/19
Semivolatile organics
1-Chloronaphthalene 1.3 0.076 2/19
2-Chloronaphthalene 0.069 0.051 2/29
2-Methylnaphthalene 0.11 0.11 1/19
3/4-Methylphenol 0.16 0.16 1/19
iAcenaphthene 0.54 0.54 1/19
[Anthracene 0.79 0.053 2/29
Benzo(a)anthracene 1.5 0.041 5129
Benzo(a)pyrene 1.3 0.046 5/29
Benzo(b)fluoranthene 2.3 0.068 5/29
Benzo(g,h,1)perylene 0.6 0.59 2129
Benzo(k)fluoranthene 0.67 0.046 3/29
[bis(2-Ethylhexyl)phthalate 4.5 0.021 19/29
IChrysene 2.1 0.06 7129
IDi-n-butyl phthalate 0.034 0.011 10129
Di-n-octyl phthalate 0.077 0.049 2/19
IDibenzofuran 0.27 0.27 1/19
[Fluoranthene 44 0.009 13/29
Indeno(1,2,3-cd)pyrene 0.63 0.46 2/29
Phenanthrene 4.6 0.047 4/29
Pyrene 3.6 0.006 11729
Volatile Organics
2-Butanone (MEK) 0.015 0.0032 9/19
iAcetone 0.07 0.0095 13/19
Acrylonitrile 0.0045 0.0022 2/29
Carbon disulfide 0.021 0.0026 S/19
Chlorobenzene 0.007 0.0019 5/29
Methylene chloride 0.0085 0.0014 11/29
Toluene 1.1 0.037 3/29
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3.0
EXPOSURE ASSESSMENT

The purpose of the exposure assessment is to estimate the magnitude of potential chemical
exposure among various receptor populations. The steps required to perform an exposure

assessment include the following:

Identification of potential receptor populations;

Evaluation of potential exposure pathways for completeness;
Evaluation of potential exposure parameters;

Estimation of exposure point concentrations; and

Estimation of daily intake factors.

The approach of this risk assessment is to incorporate conservative exposure assumptions
when estimating the magnitude of potential exposure, so that potential risks posed by the site
are not underestimated. At the same time, exposure scenarios which are considered unlikely
are excluded. since they do not reflect realistic exposure conditions. It is important to note
that. in a risk assessment. exposure can be defined for both reasonable maximum exposure
(RME) and average exposure. The RME is meant to represent the most exposed individual in
a population, while the average exposure represents the most likely exposure for the
potentially exposed population. Both RME and average exposure scenarios are evaluated in

this risk assessment.
3.1 IDENTIFICATION OF POTENTIAL RECEPTOR POPULATIONS

Potential receptors include human, plant, and animal populations and environmental
receptors (e.g. streams. ponds, and lakes) that may be impacted by site-related chemicals. An
assessment of potentially impacted plant and animal populations are addressed under a
separate evaluation (WCFS. 1996). Only potential human receptor populations are addressed
in this risk assessment. Populations to be evaluated include those individuals most likely to
come into contact with contaminated surface water and sediments in the four stream

segments currently being assessed.
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Because Tinker AFB is an active military facility with restricted access, local off-base
populations cannot readily come into contact with the on-base portions of East or West
Soldier Creek. For most site workers or visitors, exposure to the on-base portions of the
creek is likely to be minimal. if at all. For purposes of the risk assessment, it was assumed
that the population with the greatest potential for contact with surface water or sediment from
the creek would be a construction worker involved in repair or installation of underground
pipelines around or under the creek. Because land use at Tinker is unlikely to change in the
foreseeable future, this scenario is considered a maximum exposure scenario for both current
and future use conditions (evaluation of the maximum exposed population provides a

conservative estimation of risks for all potentially exposed populations).

Off-base portions of East and West Soldier Creeks flow through several residential and
non-residential areas. Access to the creek in these areas is essentially unrestricted, and a
number of different receptors could potentially contact stream sediments and surface water.
Of these, the receptor with the potential for maximum exposure is likely to be a local resident
who swims or wades in the creek. This is particularly true for children. for whom the stream
would act as an “attractive nuisance”™. Because a residential exposure scenario is highly
conservative. evaluation of this scenario in the risk assessment should be protective of local

populations under both current and future use conditions.

Based on the discussion presented above, the populations to be evaluated quantitatively in the

risk assessment consist of the following:

) On-base construction worker
. Off-base child resident
. Off-base adult resident

3.2 EVALUATION OF POTENTIAL EXPOSURE PATHWAYS

An exposure pathway is the mechanism by which a receptor may come into contact with a
chemical. As defined by RAGS (EPA. 1989a), there are four major elements that

characterize a complete exposure pathway. These elements are:

. A source and mechanism of chemical release
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. A transport medium for the chemical
. A point of potential receptor contact with the medium (i.e.. an exposure point)

. A route of exposure (e.g. ingestion) for the receptor to come into contact with
the chemical

For an exposure pathway to be complete, all four elements must be present. The absence of
any one of these elements results in an incomplete exposure pathway for which site-related
health risks do not exist. Thus. the evaluation of potential exposure pathways is necessary to

focus on only those pathways are complete and could potentially impact human health.

To develop a conceptual understanding of the sites and their potential to impact human health
and environment, a site conceptual exposure model (SCEM) is developed. This model
represents a theoretical exposure analysis and is used to identify complete exposure
pathways. Figure 3-1 depicts the site conceptual exposure model for the four stream
segments of concern in Soldier Creek. This model specifically identifies chemical sources.
release mechanisms, transport media. exposure routes and receptor populations. Potential
on-base sources of chemical release were identified previously in Section 1.1 (Site
Description) and 2.0 (Chemicals of Concern). The mechanism of release refers to the
physicochemical properties of the chemicals that influence their mobility and potential
contact with a receptor. The presence and identification of receptors was discussed in
Section 3.1 (Identification of Potential Receptor Populations). An evaluation of potential

exposure pathways identified in the SCEM is presented in the following sections.
3.2.1 Identification of Potential Sources of Chemical Release

Numerous on-base and off-base sources of chemical release have been identified in previous
investigations (see B&V. 1993, and NUS, 1989 for detailed reviews). On-base sources of

contamination include:

Outfalls from Building 3001
Building 3001

Southwest tank area

North tank area

IWTP
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Besides the on-base sources of release, several potential off-base sources have also been
identified (B&V, 1993):

. A paint shop

. The site of a former trailer park
. An auto repair shop

. A service station

. A salvage yard

Because the on-base sources differ in nature from the off-base sources, it is likely that the
on-base receptors will be exposed to different chemical constituents and/or concentrations

than off-base receptors.
3.2.2 Identification of Potential Exposure Points and Exposure Routes

Exposure points are the locations where potentially exposed populations may contact
contaminated media. In the present risk assessment, surface water and sediments in Soldier
Creek are the exposure points of concern. Groundwater exposure is being evaluated and is

not included in current scope of this investigation.

Exposure routes are the mode of contact (inhalation, ingestion, or dermal contact) with the
contaminated media. On-base construction workers could be exposed to contaminants in
on-base portions of East and West Soldier Creek via incidental ingestion and dermal contact
with surface water and sediments while performing excavation activities or wading in the

creek where the construction activities are occurring.

The water level in the off-base portion of West Soldier Creck generally is very shallow and
swimming is not possible. However. off-base residents may be exposed to surface water and
sediments while wading. Ingestion and dermal contact with contaminated surface water and
sediments while wading is assumed to represent complete exposure pathways for both child

and adult resident receptors.

Although Soldier Creek does not include any swimming areas per se, several off-base

portions of East Soldier creck are deep enough to swim in, and potentially could be used by
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children for swimming. Thus a child resident swimming scenario will be evaluated
quantitatively in this risk assessment. For adults a wading scenario is assumed. For both
children and adults, exposure is assumed via ingestion and direct dermal contact with surface

water and sediment.

Because both East and West Soldier Creeks are located in open, unconfined areas where
atmospheric dilution would quickly attenuate the concentrations of volatilized compounds
released from the creek. inhalation exposure is assumed to be minor or incomplete for all

scenarios, and will not be evaluated in this risk assessment.

Potential exposure to contaminants in the surface water and sediments via ingestion of fish or
game animals is not likely to be a significant pathway. Neither East or West Soldier Creeks
contain a viable game fish population, and the location of Tinker AFB within the
metropolitan area of Oklahoma City precludes any hunting activities. For these reasons.
exposure to contaminants via the food chain is considered an incomplete (or minor) exposure

pathway. and is not evaluated in this risk assessment.

3.3 RECEPTOR POPULATIONS NOT INCLUDED IN THE RISK
ASSESSMENT

Certain potential receptor populations can be excluded from consideration in the risk
assessment  if they do not represent realistic exposure scenarios. Although sensitive
populations (e.g., pregnant women. the elderly or infirm in hospitals or elderly care facilities.
etc.) are likely to be located within the greater metropolitan area of Oklahoma City, they can
be excluded from a quantitative evaluation since these populations are not likely to exposed

to the media of concern (surface water and sediment).
3.4 EVALUATION OF POTENTIAL EXPOSURE PARAMETERS

To calculate the chronic daily intake (CDI) of COCs and to estimate the associated potential
health risks. a number of exposure parameters must first be quantified. Parameters which are

typically quantified include the following:

o Lifespan (days)
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Exposure duration (years)

Exposure frequency (days/year)
Exposure time (hours/day)
Soil/sediment ingestion rate (mg/day)
Body weight (kg)

Exposed skin surface area (cmz)
Dermal soil adherence (mg/cmz)
Dermal soil absorption factor (unitless)
. Water ingestion rate (L/hour)

. Permeability constant (cm/hour)

These parameters are assigned numerical values (Tables 3-1, 3-2, 3-3 and 3-4) which are
used to estimate the extent of chemical exposure. The numerical values used in the exposure
algorithms have been developed using site-specific information supplemented by a number of
EPA reference sources. EPA guidance used when developing exposure assumptions include
the Exposure Factors Handbook (EPA. 1989b). OSWER Directive 9285.6-03 (Standard
Default Exposure Factors: EPA. 1991a). Dermal Exposure Assessment: Principles and
Applications (EPA, 1992a). EPA Region IV Guidance (Feb 11. 1992b) and RAGS (EPA.
1989a).  Conservative exposure assumptions are used so that potential exposures and

potential health risks are not underestimated.
3.4.1.1 Lifespan

As recommended in RAGS (1989a), lifespan is assumed to be the same for all receptor

populations, and is given as 70 years.

3.4.1.2 Exposure Duration

Exposure duration refers to the number of years in which exposure occurs. On-base
construction workers are assumed to be full time employees of Tinker and are assumed to
have a RME duration of 25 years, as given in OSWER Directive 9285.6-03 (EPA, 1991a).
For average exposure, the exposure duration of 5 years for an on-base construction worker is
based on the average time an individual spends at one job, based on information supplied by
the Bureau of Labor Statistics (U.S. Department of Labor, 1987). Residents are assumed to

have a reasonable maximum exposure duration of 30 years (5 years between age 1-6, and 25
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years afterward) based on the upper 90th percentile value for time spent in a single residence.
The exposure duration for average exposure for an adult resident is assumed to be 9 years
based on the mean time spent at a single residence (Exposure Factors Handbook. EPA.
1989b). For child residents the entire 5 year age-span (age 1-6) is conservatively assumed for

average exposure.

3.4.1.3 Exposure Frequency

Exposure frequency refers to the number of days per year spent in direct contact with the
creek. For RME and average exposure, on-base construction workers are assumed to spend
5days and 1 day per year. respectively. working in the vicinity of the creeks. For adult
residents. 1 day per month during the summer months (4 days/year) is assumed for RME.
One half of the RME exposure frequency (2 days/year) is assumed for average exposure. For
children (ages 1-6) , 2 days per week during the 17 summer weeks (34 days/year) is assumed
for the RME exposure frequency. One half of the RME exposure frequency (17 days/year) is

assumed for average exposure.

3.4.1.4 Exposure Time

Exposure time refers to the number of hours per day that a receptor is in contact with a
potentially contaminated medium. For on-base construction workers, this is assumed to be 8
hours per day. reflecting a normal working day. For average exposure, one half of the time is
assumed (4 hours/day) as the fraction of the working day the worker would be in direct
contact with surface water or sediment. For adult residents, 2 and 1 hours per day exposure
time were assumed for RME and average exposure, respectively. For children, exposure

times of 6 and 3 hours per day were assumed for RME and average exposure, respectively.

3.4.1.5 Sediment Ingestion Rate

The sediment ingestion rate refers to the amount of sediment that is ingested daily.
Upperbound ingestion rates provided by EPA (1991a) were used to evaluate RME exposure.
The RME ingestion rates used in this risk assessment were 50 mg/day for workers, 100

mg/day for adult residents, and 200 mg/day for children. For average exposure, ingestion

FADOG\MANNUAL.DFT\HHRA2.DOC 4/23/96

(%]
|
~3



rates of 10 mg/day were assumed for both workers and adult residents, based on information
presented in the Exposure Factors Handbook (EPA, 1989b). An average ingestion rate of
100 mg/day was assumed for children, based on one-half the RME value.

3.4.1.6 Body Weight

Body weights were obtained from the Exposure Factors Handbook (EPA. 1989b) An adult
body weight of 70 kg was used to evaluate construction workers. For adult and child
residents, age-weighted average body weights of 57.1 kg and 15.1 kg. respectively, were

calculated.

3.4.1.7 SKkin Surface Area

Exposed skin surface area is important when evaluating uptake of chemicals that are
absorbed dermally. For dermal exposure to surface water and sediment in West and East
Soldier Creeks, an RME surface area of 9.800 cm® was estimated for an on-base construction
worker. based on the adult surface areas of the head, hands, arms and lower legs (Exposure
Factors Handbook: EPA. 1989b). For average exposure, an exposed area of 2000 cm” was
assumed for the construction worker based on the surface area of hands and forearms. Whole
body immersion (6.500 sz) was assumed for children swimming in the creek, both for RME
and average exposure scenarios, as well as for the RME child wading scenario. The average
exposed surface are for a wading child was assumed to 1.800 cm” based on the surface area
for hands. forearms and feet. For adult residents, an RME surface area of 8.620 cm® was
assumed. based on exposure of the head. hands, forearms. and lower legs. For average
exposure an exposed surface area of 2,800 cm” was assumed, based on exposure of the hands,

forearms and feet.

3.4.1.8 Dermal Sediment Adherence

Dermal sediment adherence is used, in conjunction with exposed skin surface area. to define
the total amount of sediment adhering to exposed skin surfaces. EPA recommends 1.0
mg/cm2 and 0.2 mg/cm2 for upperbound (RME) exposure and average exposure. respectively

(Dermal Exposure Assessment: Principles and Applications; EPA, 1992a).
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3.4.1.9 Dermal Absorption Factor

The dermal sediment absorption factor provides an estimate of potential chemical absorption
through the skin. As presented in USEPA Region IV guidance (1991¢). dermal absorption is

assumed to be 1.0 percent for organic chemicals and 0.1 percent for inorganic chemicals.

3.4.1.10 Surface Water Ingestion Rate

An RME surface water ingestion rate of 0.05 L/hour was assumed for children swimming in
East Soldier Creek, based on data presented in RAGS (EPA. 1989a). For average exposure
while swimming. an ingestion rate of 0.025 L/hour was assumed. based on one-half the RME

value.

Surface water ingestion while wading is assumed to be significantly less than while
swimming. For all wading scenarios, the RME surface water ingestion rate was assumed to
be 0.005 L/hour and the average surface water ingestion rate was assumed to 0.0025 L/hour.
based on the assumption that ingestion during wading is ten percent of the ingestion rate

during swimming.

3.4.1.11 Permeability Constant

Permeability constants are chemical-specific values used to define the dermal uptake of
chemicals from aqueous media. and are presented in units of cm/hour. Permeability
constants used in this risk assessment are derived from Dermal Exposure Assessment:
Principles and Applications (EPA, 1992a).

3.5 ESTIMATION OF EXPOSURE POINT CONCENTRATION

Exposure point concentrations are chemical concentrations to which a receptor is exposed
when contact is made with a specific environmental medium. The RME and average

exposure point concentrations for the COCs are presented in Tables 3-5 to 3-14.

When calculating exposure point concentrations for the COCs, chemicals were assumed to be

present at one-half the detection limit for any samples in which they were reported as
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undetected, in accordance with RAGS (1989a). Exposure point concentrations for both
surface water and sediments are calculated as the upper 95 percent confidence limit values
(UCL) of the arithmetic mean concentration assuming lognormal distribution, using the
approach recommended by EPA (OSWER 9285.7-080. 1992), as shown below:

(m+0.58 +SH /N n-1)

UCL= ¢

Where:

UCL = Upper 95 percent confidence level

¢ = Constant (base of natural log, equal to 2.718)
m = mean of transformed data

S = Standard Deviation of the transformed data
n = number of samples

H = H-statistics (from table published in Gilbert. 1987)

The concentration associated with the 95 percent UCL or the maximum concentration
detected. whichever was lower. was adopted as the RME exposure point concentration. Use
of the maximum concentration, if less than the 95 percent UCL, is recommended by RAGS
(EPA, 1989a). This approach is supported by the observation that the 95 percent UCL
concentration may exceed the maximum detected concentration in instances where the
variation of the data is large or when high detection limits strongly influence calculation of
95 percent UCL values. The concentration associated with the RME exposure point
concentration or the mean concentration, whichever was lower. was adopted as the average

exposure point concentration.

Exposure point concentrations calculated for surface water (presented in Tables 3-5, 3-6, 3-7
and 3-8 ) are used to calculate risks associated with both current and future use scenarios.
Sediment samples collected from 0-0.5 feet are considered to be associate with current use
scenarios and samples collected from 0-5.0 feet are considered to be associated with future

use scenarios. Table 3-9 presents the current on-base West Soldier Creek sediment exposure
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point concentrations. Table 3-11 presents the future on-base West Soldier Creek sediment
exposure point concentrations. Because all the sediment samples collected at off-base
Soldier Creek are within 0-0.5 feet, Table 3-11 presents both the current and future off-base
West Soldier Creek sediment exposure point concentrations. Table 3-12 presents the
on-base current sediment exposure point concentrations. Table 3-13 present the on-base East
Soldier Creek future sediment exposure point concentrations. Table 3-14 presents the off-
base East Soldier Creek current sediment exposure point concentrations. Table 3-15 presents

the off-base East Soldier Creek future sediment exposure point concentrations.
3.6 CALCULATION OF DAILY CHEMICAL INTAKES

Chronic daily intakes (CDIs) represent the daily amount of chemical taken in by a receptor
per kilogram body weight. and are used with the Critical Toxicity Values (CTVs) to estimate
hazard quotients and potential cancer risks for each chemical (see detailed discussion in
Section 4.0). The CDIs are calculated for individual chemicals and receptors, based on the

potential exposure parameters discussed in Section 3.4 using the following equations:

Surface water ingestion for on-base worker scenario:

CDI=(CWXIRXETXEFXED)/ (BWXATI X AT2)

Surface water dermal exposure for on-base worker scenario:

CDI=(CWxSAx PCx ETx EF x ED x CF)/(BW x ATI x AT2)

Sediment ingestion for on-base worker scenario:

CDI=(CSxCFxIRx EFx ED)/(BWx ATI x AT2)

Sediment dermal exposure for on-base worker scenario:

CDI=(CSx CFxSAXxAF x ABS x EF x ED)/(BW x ATI x AT2)
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Surface water ingestion for off-base residential scenario:

CDI=CWx HIF and

HIF =[(IRc x ETc x EFc x EDc) / BWc + (IRa x ETa x EFa x EDa)/ BWa] / (ATI x AT2)

Surface water dermal exposure for off-base residential scenario:

CDI=CWx HIF and

HIF ={[(§Ac x PCx ETc x EFc x EDc) / BWe + (SAa x PCx ETa x EFa x EDa)/BWa] / (ATI x AT2)} x CF

Sediment ingestion for off-base residential scenario:

CDI=CW x HIF and

HIF = {[{(IRc x EFc x EDc)/ BWc¢ + (IRa x EFa x EDa) /BWal] x CF}Y/ (ATI x AT2)

Sediment dermal exposure for off-base residential scenario:

CDI=CSxAFx HIF and

HIF = {[(SAc x EFc x EDc x ABS) / BWc + (SAa x EFa x EDa x ABS) / BWa/ x CF}/(ATI x AT2)

Where:
CDI = Chronic Daily Intake
HIF = Human Intake Factor
CW = Concentration in Surface Water
CS = Concentration in Sediments
IR = Ingestion Rate (L/hour for surface water, mg/day for sediments)
IRc = Child Resident Ingestion Rate (L/hour for surface water, mg/day for sediments)
IRa = Adult Resident Ingestion Rate (L/hour for surface water, mg/day for sediments)

ET = Worker Exposure Time (hours)
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ETc = Chile Resident Exposure Time (hours)

ETa = Adult Resident Exposure Time (hours)

SA = Worker Skin surface area available for contact (sz)

SAc = Child Resident Skin surface area available for contact (sz)
SAa = Adult Resident Skin surface area available for contact (sz)
EF = Worker Exposure Frequency

EFc = Child Resident Exposure Frequency

EFa = Adult Resident Exposure Frequency

ED = Worker Exposure Duration

EDc = Child resident Exposure Duration

EDa = Adult Resident Exposure Duration

BW = Worker Body Weight (kg)

BWc = Child Body Weight (kg )

BWa = Adult Body Weight (kg)

AF = Adherence Factor

ABS = Absorption Factor

ATI = Days Per Year = 365 days/year

AT2 = Averaging Time (70 years for carcinogenic effects, duration exposure for non-
carcinogenic effects)

CS = Conversion Factor

Attachment A presents the CDI calculations associated with each media, route of exposure
and receptor.
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EXPOSURE POINT CONCENTRATIONS

TABLE 3-5

ON-BASE WEST SOLDIER CREEK SURFACE WATER

(CURRENT AND FUTURE SCENARIOS)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean® ucL*® Point Conc. © Point Conc. ¢
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Metals
Arsenic 3.50E-03 2.54E-03 4.60E-03 3.50E-03 2.54E-03
Cobalt 3.10E-02 9.00E-03 2.06E-02 2.06E-02 9.00E-03
Nickel 3.30E-01 6.89E-02 3.08E-01 3.08E-01 6.89E-02
'V anadium 1.30E-02 6.46E-03 9.06E-03 9.06E-03 6.46E-03
Semivolatile Organics
3/4-Methylphenol 1.70E-03 4.53E-03 6.91E-03 1.70E-03 1.70E-02
IN-Nitroso-di-n-propylamine 1.80E-03 4.54E-03 6.67TE-03 1.80E-03 1.80E-03
Phenol 1.40E-03 4.49E-03 7.60E-03 1.40E-03 1.40E-03
Volatile Organics

Acetone 6.70E-03 S.19E-03 5.72E-03 5.72E-03 5.19E-03
Chlorobenzene 1.80E-03 2.40E-03 2.66E-03 1.80E-03 1.80E-03
IMethylene chloride 2.60E-03 2.09E-03 2.87E-03 2.60E-03 2.09E-03
Tetrachloroethene 1.10E-02 4.36E-03 9.79E-03 9.79E-03 4.36E-03
Toluene 1.70E-03 2.39E-03 2.69E-03 1.70E-03 1.70E-03
Trichlorocthene 1.40E-02 3.94E-03 1.00E-02 1.00E-02 3.94E-03
[Vinvl chloride 1.00E-03 4.43E-03 9.55E-03 1.00E-03 1.00E-03

Note:

a. One half of the detection limit is used for all non-detects when calculating values.

b. The upper 95 percent confidence limit values (U'CL) of the arithmetic mean concentration assuming lognormal distribution.

¢. The concentration associated with the 95 percent UCL or the maximum concentration detected. whichever was lower was used as

the RME exposure point concentration.

d. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concentration.

SW-1 conc of TABLE-3.XLS 12/23/95 3:54 PM
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TABLE 3-6

EXPOSURE POINT CONCENTRATIONS
OFF-BASE WEST SOLDIER CREEK SURFACE WATER
(CURRENT AND FUTURE SCENARIOS)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean* UCL*® Point Conc. © Point Conc. *
(mg/1.) (mg/L) (mg/L) (mg/L) (mg/L)
Metals
Arsenic 1.80E-03 2.39E-03 3.75E-03 1.80E-03 1.80E-03
Thallium 1.10E-03 4.20E-03 7.56E-03 1.10E-03 1.10E-03
Vanadium 1.40E-02 9.24E-02 1.37E-02 1.37E-02 9.24E-03
Volatile Organics
Carbon disulfide 1.00E-03 2.31E-03 3.05E-02 1.00E-02 1.00E-03
Methvlene chloride 2.70E-03 2.26E-03 2.87E-03 2.70E-03 2.26E-03

Note:
a. One half of the detection limit is used for all non-detects when calculating values.
b. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.

¢. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower was used as
the RME exposure point concentration.

d. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concentration.

SW-2 conc of TABLE-3.XLS 2/5/96 5:25 PM Page 1 of 1




TABLE 3-7

EXPOSURE POINT CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SURFACE WATER
(CURRENT AND FUTURE SCENARIOS)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean* uCL*® Point Conc. © Point Conc. *
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Metals
Arsenic 3.30E-03 2.21E-03 2.45E-03 2.45E-03 2.21E-03
Molybdenum 5.70E-01 1.26E-01 2.64E-01 2.64E-01 1.26E-01
Nickel 9.30E-02 2.06E-02 2.24E-02 2.24E-02 2.06E-02
'Vanadium 3.00E-02 1.50E-02 1.76E-02 1.76E-02 1.50E-02
Chlorinated Pesticides
Aldrin 1.00E-04 S.13E-0S 1.02E-04 1.00E-04 SA3E-05
Semivolatile Organics
4-Nitrophenol 2.00E-03 2.17E-02 4.11E-02 2.00E-03 2.00E-02
Benzoic acid 3.90E-03 2.19E-02 3.49E-02 3.90E-03 3.90E-03
Benzyl alcohol 1.70E-03 4.69E-03 5.43E-03 1.70E-03 1.70E-03
[[bis(2-Ethylhexyhphthalate 4.60E-03 4.60E-03 5.55E-03 4.60E-03 4.60E-03
([F1uoranthene 1.50E-03 4.80E-03 5.35E-03 1.50E-03 1.50E-03
Phenol 3.50E-03 4.61E-03 5.20E-03 3.50E-03 3.50E-023
Volatile Organics

2-Butanone (MEK) 2.80E-03 4.85E-03 5.17E-03 2.80E-03 2.80E-03
Acetone 1.20E-02 6.26E-03 6.79E-03 6.79E-03 6.26E-03
[Bromoform 2.60E-03 2.33E-03 2.46E-03 2.46E-03 2.33E-03
Chloroform 1.80E-03 2.45E-03 2.53E-03 1.80E-03 1.80E-03
Methylene chloride 1.50E-01 7.04E-03 5.55E-03 S.55E-03 5.55E-03
Toluene 1.40E-03 2.43E-03 2.56E-03 1.40E-03 1.40E-03

Note:
a. One half of the detection limit is used for all non-detects when calculating values.
b. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
¢. The concentration associated with the 95 percent UCL or the maximum concentration detected. whichever was lower was used as
the RME exposure point concentration.

d. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concentration.

SW-3 conc of TABLE-3.XLS 12/28/95 10:40 AM Page 1 of 1



EXPOSURE POINT CONCENTRATIONS

TABLE 3-8

OFF-BASE EAST SOLDIER CREEK SURFACE WATER

(CURRENT AND FUTURE SCENARIOS)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean* ucL*® Point Conc. © Point Conc. ¢
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Metals
Arsenic 1.40E-03 2.21E-03 3.47E-03 1.40E-03 1.40E-03
Cadmium 3.60E-03 2.64E-03 2.90E-03 2.90E-02 2.64E-03
Cobalt 6.80E-03 5.23E-03 5.66E-03 5.66E-03 5.23E-03
Nickel 8.00E-02 2.99E-02 5.95E-02 5.95E-02 2.99E-02
Thallium 1.20E-03 9.21E-03 3.03E-02 1.20E-03 1.20E-02
[V anadium 1.10E-02 6.66E-03 8.38E-03 8.38E-03 6.66E-03
Chlorinated Pesticides
Aldrin 1.00E-04 5.36E-05 1.36E-04 1.00E-04 5.36E-05
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 3.60E-03 4.10E-03 6.36E-03 3.60E-03 3.60E-02
Phenol 1.20E-03 3.53E-03 9.84E-03 1.20E-03 1.20E-03
Volatile Organics
Acetone 6.10E-03 5.30E-03 5.65E-03 5.65E-03 5.30E-03
Methylene chloride 5.10E-02 1.25E-02 1.86E-01 S.10E-02 1.25E-02

Note:

a. One half of the detection limit is used for all non-detects when calculating values.

b Thc upper 95 percent confidence limit values (U'CL) of the arithmelic mean concentration assuming lognormal distribution.

¢. The concentration associated with the 95 percent UCLL or the maximum concentration detected. whichever was lower was used as

the RME exposure point concentration.

d. The RME exposure point concentration or the mean concentration. whichever was lower, was adopted as the average exposure point concentration,

SW-4 conc of TABLE-3.XLS 12/23/95 3:54 PM
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TABLE 3-9

EXPOSURE POINT CONCENTRATIONS
ON-BASE WEST SOLDIER CREEK SEDIMENTS
(CURRENT SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean™* UCL™* Point Conc. © Point Conc. *
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Antimony 7.65E+00 4.60E+00 S.17E+00 5. 17E+00 4.60E+00
Beryllium 1 90E+00 9 76E-01 1.20E+00 1. 20E+00 9 76E-01
Cadmium 8.32E+01 1.28E+01 6.19E+01 6 19E+01 1.28E+01
Chromium 1 89E+03 2 68E+02 6 68E+02 6 68E+02 2 68E+02
Cobalt 1.23E+02 2.17E+01 3.02E+01 3.02E+01 2.17E+01
Lead 2.25E+02 7.03E+01] 1.21E+02 1 21E+02 7.03E+01
Mercury 9.00E-01 1.43E-01 1.92E-01 1.92E-01 1 43E-01
Nickel 3.16E+03 4.08E+02 1.20E+03 1.20E+03 4.08E+02
Silver 2 OSE+02 2 08E+01 1.02E+02 1. 02E+02 2 08E~+0]
Thallium ] .15E+00 3.86E-01 S.01E-01 S 01E-01 3 86E-01
Vanadium 9.57E+01 3.36E+01 3. 90E+01 3.90E+01 3.36E+01
PCBs/Pesticides
Aldnn 2.15E-01 1.59E-02 3.38E-02 3.38E-02 1.59E-02
Aroclor 1254 2 40E+01 1 98E+00 4.42E+01 2.40E-01 1.98E+00
Semivolatile organics
1.2-Dichlorobenzene 4.20E+00 6.05E-01 7.57E-01 7.57E-01 6 0SE-01
1.4-Dichlorobenzene 4 20E+00 5.92E-01 7 93E-01 7.93E-01 5.92E-01
2.4-Dimethylphenol 4.20E+00 5 79E-01 8 S4E-01 8 S4E-01 S 79E-01
2-Methylnaphthalene 4.20E+00 5.89E-01 7 80E-01 7 80E-01 S.89E-01
3/4-Methylphenol 4 20E+00 5 77E-01 8.29E-01 8 29E-01 5.77E-01
Acenaphthene 4. 20E+00 5.98E-01 9 07E-01 9 07E-01 S 98E-01
Anthracene 4.20E+00 S.94E-01 8. 22E-01 8 22E-01 S 94E-01
Benzidine 3 20E+01 4 54E+00 S 6SE+00 S 6SE+00 4.54E+00
Benzo(a)anthracene 3.75E+00 7.10E-01 1.32E+00 1 32E+00 7 10E-01
Benzo(a)pyrene 2.60E+00 6 48E-01 i 16E+00 | 16E-+00 6.481-01
Benzo(b)fluoranthene 3.00E+00 8 89E-01 3 25E+00 3 00E+00 8 89E-01
Benzo(g h.yperviene 1 80E+00 4.48E-01 7.11E-01 7 11E-01 4 48E-01
Benzo(k)fluoranthene 4.20E+00 7.99E-01 1 S2E+00 1. S2E+00 7.99E-01
bis(2-Ethylhexyl)phthalate 8.00E+00 1 1SE+00 2. 10E+00 2 10E+00 1.15E+00
Butyl benzy! phthalate .20E+00 S 95E-01 7 42E-01 42E-01 S 9SE-01
Chrysene 3. 00E+00 7.07E-01 1.77TE+00 1 77E+00 7.07E-01
Di-n-butyl phthalate 4.20E+00 S.96E-01 7 SOE-01 7 SOE-01 S.96E-01
Dibenz(a.h)anthracene 4.20E+00 5.96E-01 8.04E-01 8 04E-01 5.96E-01
Dibenzofuran 4.20E+00 5.95E-01 8 11E-01 8 11E-01 5.95E-01
Dimethyl phthalate 4.20E+00 S 81E-01 8 63E-01 8.63E-01 S.81E-01
Fluoranthene 5. 70E+00 1.09E+00 3 37E+00 3 3TE+00 1 09E+00
Fluorene 4.20E+00 5.98E-01 8 11E-01 8§ 11E-01 5 98E-01
indeno(1.2,3-cd)pyrene 3.75E+00 S.S4E-01 1.02E+00 1.02E+00 S.S4E-01
Naphthalene 4.20E+00 6.01E-01 8 0SE-01 % 0SE-01 6.01E-01
Phenanthrene 4.20E+00 1 0SE+00 2.59E+00 2 S9E+00 1 OSE+00
Pyrene 5.SOE+00 1 O1E+00 3 08E+00 3 08E+00 1.01E+00
Volatile Oragnics

2-Butanone (MEK) 3.25E-02 8 84E-03 1.06E-02 1 06E-02 8 84E-03
Acetone 1.00E-01 2.20E-02 3.93E-02 3 93E-02 2.20E-02
Carbon disulfide | 10E-02 3.97E-03 4.54E-03 4 S4E-03 3.97E-03
Chlorobenzene | 65E-02 4 20E-03 4 88E-03 4 88E-03 4 20E-03
Chloromethane 3.25E-02 8.48E-03 9 87E-03 9 87E-03 8 48E-03
Methylene chlonde 2 40E-02 4 29E-03 5 S1E-03 S S1E-03 4.29E-03
Tetrachloroethene 1.65E-02 4.38E-03 S 15E-03 S 15E-03 4.38E-03
Toluene 1.80E-02 4.46E-03 5.48E-03 S 48E-03 4.46E-03
Trichloroethene 1.65E-02 4.70E-03 5.67E-03 5 67E-03 4 70E-03
Vinyl chlonde 3.25E-02 8 48E-03 9.8TE-03 9 87E-03 8 48E-03

Note
a. Surface (0-0.S feet) sediments data are used 1n the calculations.
b One half of the detection limit 1s used for all non-detects when calculating values
c. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution
d The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower was used as
the RME exposure point concentration
e The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concertration

SD-1 Current Conc. of TABLE-3.XLS 12/28/95 2:40 PM Page 1 of |



TABLE 3-10

EXPOSURE POINT CONCENTRATIONS
ON-BASE WEST SOLDIER CREEK SEDIMENTS
(FUTURE SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean*® UCL™- Point Conc. ¢ Point Conc. ¢
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Antimony 7.50E+00 4.39E+00 4. 70E+00 4.70E+00 4.39E+00
Beryllium 1.90E+00 8.76E-01 1.00E+00 1.00E+00 8. 7€E-01
Cadmium 1.32E+02 1.98E+01 6.88E+01 6.88E+01 1 98E+01
Chromium 321E+03 4 14E+02 7.64E+02 7.64E+02 4.14E+02
Cobalt 1.26E+02 2.42E+01 3.10E+01 3.10E+01 2.42E+01
Lead 7.46E+02 9. 71E+01 1.62E+02 1.62E+02 9.71E+01
Mercury 9.00E-01 1.22E-01 1.39E-01 1.39E-01 1.22E-01
Nicke] 3.16E+03 3.79E+02 7.55E+02 7.55E+02 3.795+02
Silver 2.05E+02 1.86E-+01 5.12E+01 5.12E+01 1.86E+01
Thallium 2.00E-01 3.56E-0] 4 10E-01 2.00E-01 2.00E-0]
Vanadium 9. STE+01 3.33E+01 3 73E+01 3 73E+01 3.331:+01
PCBs/Pesticides
Aldnin 1.10E-02 2 04E-02 3.78E-02 1.10E-02 1.10E-02
Aroclor 1254 3 30E+01 2. 96E+00 2. 71E+01 2. 71E+01 2.96E+00
Semivolatile organics
1.2-Dichlorobenzene 5.70E-01 4.62E-01 5.07E-01 S 07E-01 4 62E-01
1.4-Dichlorobenzene 2 10E-01 4.45E-01 4.75E-01 2 10E-01 2.10E-01
2.4-Dimethylphenol 3.50E-01 4. 72E-01 S.S1E-01 3.50E-01 3.50=-01
2-Methylnaphthalenc 1.50E-01 4.76E-01 5.47E-01 1.50E-01 1.50E-01
3/4-Methylphenol 2 20E-01 4.67E-01 5.33E-01 2.20E-01 2.20E-01
Acenaphthene 4.60E-01 4.28E-01 4 70E-01 4.60E-01 4.281:-01
Anthracene 8 SOE-01 4.50E-01 S 49E-01 S 49E-01 4.50E-01
Benzidine 4.30E-01 3.69E+00 4 SIE+00 4.30E-01 4.30E-01
Benzo(a)anthracene 3. 10E+00 8 47E-01 1.63E+00 1.63E+00 8. 47E-01
Benzo(a)pyrene 3.20E+00 9 05SE-01 | 66E+00 1.66E+00 9.05E-01
Benzo(b)fluoranthene 6.60E+00 1.44E+00 3 90E+00 3.90E+00 1.44E+00
Benzo(g h,1)perylene 1.90E+00 S 63E-01 8 40E-01 8 40E-01 S.63E-01
Benzo(k)fluoranthene 2.4E+00 6.51E-01 8 81E-01 8.81E-01 6.51E-01
bis(2-EthythexyDphthalate 8.00E+00 1.35E+00 2 10E+00 2 10E+00 1.3SE+00
Butyl benzyl phthalate 3.70E-01 4.99E-01 5.42E-01 3 70E-01 3 70E-01
Chrysene S.00E+00 9 96E-01 2.29E+00 2.29E+00 9.96E-01
Di-n-butyl phthalate 1.50E-01 4 92E-01 5.32E-01 1.50E-01 1 SO0E-01
Dibenz(a,h)anthracene 7 SOE-01 4.88E-01 S 40E-01 S 40E-01 4 88E-01
Dibenzofuran 3.60E-01 4 80E-01 5.27E-01 3.60E-01 3.60E-01
Dimethv! phthalate 7.50E-02 4.88E-01 S.95E-01 7.50E-02 7.50E-02
Fluoranthene 6.70E+00 1.66E+00 20E+00 4.20E+00 1 66E+00
Fluorene 5.70E-01 4.25E-01 4.40E-01 4.40E-01 4.25E-01
Indeno(1.2.3-cd)pyrene 1 70E+00 5.97E-01 9 47E-01 9 47E-01 5.97E-01
[Naphthalene 4.50E-01 4 50E-01 4.64E-01 4.50E-01 4.50E-01
Phenanthrene 5. 20E+00 1.21E+00 2.29E+00 2.29E+00 1.21E+00
Pyrene 6.80E+00 1 41E+00 3 44E+00 3 44E+00 1 41E+00
Volatile Oragnics

2-Butanone (MEK) 2.60E-02 I 00E-02 1.15E-02 1 15E-02 1 00E-02
Acetone 1.30E-01 2.41E-02 3.38E-02 3.38E-02 2.41E-02
Carbon disulfide 1. 10E-02 4.42E-03 4.78E-03 4 78E-03 4 42E-03
Chlorobenzene 1.00E-01 8.0SE-03 7.80E-03 7.80E-03 7 80E-03
Chloromethane 3.30E-03 8.95E-03 9. 73E-03 3.30E-03 3 30E-03
Methvlene chlonde 2 40E-02 4 45E-03 5.24E-03 5.24E-03 4 45E-03
Tetrachloroethene 1.60E-02 4.96E-03 5 45E-03 S.45E-03 $.96E-03
Toluene 1 .80E-02 4.24E-03 4.82E-03 4 82E-03 4.24E-03
Trichloroethene 7.70E-02 6.75E-03 1.07E-02 1.07E-02 6.75E-03
Vinyl chlonde 1. S0E-02 9.75E-03 5.66E-03 S 66E-03 S 66E-03

Note
a Sediment data collected from O - 5.0 feet depth are used in the calculations
b One half of the detection Limit 15 used for all non-detects when calculating values
c. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution
d. The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower was used as
the RME exposure point concentration
e. The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concentration
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EXPOSURE POINT CONCENTRATIONS

TABLE 3-11

OFF-BASE WEST SOLDIER CREEK SEDIMENTS

(CURRENT AND FUTURE SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean™" UCL*c Point Conc. ¢ Point Conc. *

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L)
Metals
Antimony 8.10E+00 4.70E+00 6.42E+00 6.42E+00 4.70E+00
Beryllium 7.90E-01 2.79E-01 S.61E-01 S.61E-01 2.79E-01
Cobalt 1.02E+01 4.96E+00 8.22E+00 8.22E+00 4.96E+00
Lead 4.40E+03 S.74E+02 2.65E+04 4.40E+03 S.74E+02
Mercury 1.20E-01 6.75E-02 8.14E-02 8.14E-02 6.75E-02
Nickel 2.74E+02 S.5SE+01 2.09E+02 2.09E+02 S.55E+01
Vanadium 2.67E+01 1.59E+01 2.55E+01 2.55E+01 1.59E+01
PCBs/Pesticides
Aldrin 4.50E-02 9.80E-03 6.14E-02 4.50E-02 9.80E-03
Aroclor 1254 1.70E+00 7.64E-01 1.60E+01 1.70E+00 7.64E-01
delta-BHC 1.20E-03 5.38E-03 1.51E-02 1.20E-03 1.20E-03
Semivolatile organics
Anthracene 7.50E-02 1.84E-01 2.48E-01 7.50E-02 7.50E-02
Benzo(a)anthracene 3.50E+00 6.16E-01 3.23E+00 3.23E+00 6.16E-01
Benzo(a)pyrene 2.10E+00 6.16E-01 1.52E+00 1.52E+00 6.16E-01
Benzo(b)fluoranthene 9.20E-01 2.45E-01 7.61E-01 7.61E-01 2.45E-01
Benzo(g.h.i)pervlene 6.20E-01 2.44E-01 5.23E-01 5.23E-01 2.44E-01
Benzo(k)fluoranthene 5.30E+00 8.37E-01 3.54E+00 3.54E+00 8.37E-01
bis(2-Ethylhexyl)phthalate 4.90E+00 8.80E-01 6.49E+00 4.90E+00 8.80E-01
Chrysene 3.70E+00 7.18E-01 8.93E+00 3.70E+00 7.18E-01
Dibenz(a.h)anthracene 1.70E-01 1.88E-01 2.16E-01 1.70E-01 1.70E-01
Dimethyl phthalate 4.50E-02 1.80E-01 3.10E-01 4.50E-02 4.50E-02
Fluoranthene 5.30E+00 8.30E-01 1.53E+01 S.30E+00 8.30E-01
Indeno(1.2.3-cd)pvrene 6.00E-01 2.38E-01 5.38E-01 5.38E-01 2.38E-01
Phenanthrene 9.30E-01 2.67E-01 7.27E-01 7.27E-01 2.67E-01
Phenol 6.30E-02 1.82E-01 2.65E-01 6.30E-02 6.30E-02
Pyrene 6.40E~+00 9.67E-01 1.57E+01 6.40E+00 9.67E-01
Volatile Oragnics
Acetone 3.00E-02 9.28E-03 1.71E-02 1.71E-02 9.28E-03
Methylene chloride 3.50E-03 2.53E-03 3.30E-03 3.30E-03 2.53E-03
Toluene 2.20E-03 2.89E-03 3.14E-03 2.20E-03 2.20E-03
ftrans-1.2-Dichloroethene 1.50E-03 2.83E-03 3.46E-03 1.50E-03 1.50E-03

Note

a. Sediment data collected from 0 - 5.0 feet depth are used in the calculations.

b. One half of the detection limit is used for all non-detects when calculating values.

¢. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
d. The concentration associated with the 95 percent UCL or the maximum concentration detected. whichever was fower was used as
the RME exposure point concentration.

¢. The RME exposure point concentration or the mean concentration. whichever was lower. was adopted as the average exposure point concentration.
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TABLE 3-12

EXPOSURE POINT CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENTS
(CURRENT SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean™® ucL™ Point Conc. * Point Conc. *
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L)
Metals
Antimony 9.95E+00 5.56E+00 6.18E+00 6.18E+0C S.S6E+00
Berylium 9.60E-01 3.05E-01 3.98E-01 3.98E-01 3.05E-01
Cadmium 4.15E+02 3.38E+01 9.97E+01 9.97E+01 3 38E+01
Cobalt 2. 16E+01 7.25E+00 1.13E+01 1.13E+01 7.25E+00
Lead 3.63E+02 8.92E+01 1.68E+02 1.68E+02 8.92E+01
Mercury 6 30E-01 2 53E-01 3.52E-01 3.52E-01 2.53E-01
Nickel 7.47E+02 1.04E+02 2.3BE+02 2 38E+02 1.04E+02
Suver 5.32E+01 4.94E+00 7.72E+00 7 72E+00 4.94E+00
Vanadium 4.87E+01 1.79E+01 2.33E+01 2.33E+01 1 79E+01
PCBs/Pesticides
Aldnn 4.05E+00 1.49E-01 6.81E-01 6 81E-01 1.49E-01
Aroclor 1254 4.00E+01 6.31E+00 3.27E+01 3.27E+01 6.31E+00
delta-BHC 4.0SE+00 1.38E-01 3.45E-01 3 45E-01 1.38E-01
Heptachior 5.20E+01 2.53E+00 2.20E+01 2 20E+01 2.53E+00
Semivolatile organics
1,2,4-Tnchlorobenzene 5.50E+00 7.84E-01 3.19E+00 3.19E+00 7.84E-01
1,2-Dichlorobenzene 5.50E+00 7.89E-01 3.23E+00 3 23E+00 7.89E-01
1,3-Dichlorobenzene S.SOE+00 7.85E-01 2 65E+00 2.65E+00 7.8SE-01
1.4-Dichlorobenzene 5.50E+00 7.84E-01 3 40E+00 3 40E+00 7 84E-01
1-Chloronaphthalene 4 15E+01 6.27E+00 1.24E+01 1.24E-01 6 27E+00
2-Chloronaphthalene S.50E+00 7 49E-01} 1 SIE+00 1 91E+00 7 49E-01
2-Methylnaphthalene 5.50E+00 7.32E-01 1 01E+00 1.01E+00 7. 32E-01
4-Methylphenol 1.90E-02 9.67E-03 3 09E+00 1 90E-02 9 67E-03
Acenaphthene 8.00E+00 9.72E-01 1.56E+00 1.56E~00 9 72E-01
Acenaphthylene 5.50E+00 9.11E-01 4 12E+00 4 12E+00 9.11E-01
Anthracene 2.60E+01 1.79E+00 3 88E+00 3 88E+00 1. 79E+00
Benzidmne 3. 70E+02 1.57E+01 1 88E+01 1 88E+01 1. STE+01
Benzo(a)anthracene 3.90E+01 3. T1E+00 1.46E+01 1 46E-+01 3.71E+00
Benzo(a)pyrene 2.60E+01 3. 10E+00 8.99E+00 8 99E-00 3.10E+00
Benzo(b)fluoranthene 3.30E+01 3.89E+00 1.00E+01 1 O0E+01 3 89E+00
Benzo(g h.)perylene 1 70E+01 1.81E+00 3.62E-00 3.62E+00 1.81E+00
Benzo(k)fluoranthene 3.90E+01 3.40E+00 6.36E+00 6.36E+00 3 40E+00
Benzoic acid 4.15E+01 6.23E+00 3. 14E+01 3 14E+01 6.23E+00
bis(2-Ethylhexyl) phthalate 1.70E+01 2. 84E+00 6.36E+00 6 36E+00 2 84E+00
Butyl benzyl phthalate 6.00E+00 9.68E-01 2.48E+00 2.48E+00 9.68E-01
Chrysene 3.SO0E+01 4.18E+00 1.25E+01 1 2SE+0tL 4 18E+00
Di-n-butyl phthalate 5.50E+00 7.99E-01 1 42E+00 142E+00 7 99E-01
Di-n-octyl phthalate S SOE+00 7 78E-01 1.08E+00 1 O8E+00 7 78E-01
Dibenzia h)anthracene 1.00E+01 8.57E-01 1.88E+00 1 88E+00 8 STE-01
Dibenzofuran S.S0E+00 8.21E-01 1.32E+00 1 32E+00 8.21E-01
Dimethyl phthalate S.50E+00 6 70E-01 1.93E+00 1.93E+00 6 70E-01
Fluoranthene S.30E+01 7.22E+00 2.62E+01 2 62E+01 7.22E+00
Fluorene 1.20E+01 9.94E-01 1.86E+00 1 86E+00 9 94E-01
Indeno(1,2 3-cd)pyrene 1.90E+01 1 70E+00 3 25E+00 3 25E+00 1. 70E+00
Naphthalene $.90E+00 9 40E-01 2.39E+00 2 39E+00 9.40E-01
Phenanthrene $.80E+01 5.65E+00 2.39E+01 239E+01 S.6SE+00
Pyrene 5 10E+01 7.08E+00 2 40E+01 2.40E+01 7.08E+00
Volatile Oragnics
2-Butanone (MEK) 2.90E+00 9.49E-02 381E-02 3 81E-02 3.81E-02
Acetone 9 SOE-01 7.39E-02 1.16E-01 1 16E-01 7 39E-02
Benzene 6.00E-01 1.96E-02 1.28E-02 1.28E-02 1.28E-02
Carbon disuifide 6.00E-01 2 11E-02 9.98E-03 9 98E-03 9.98E-03
Chlorobenzene 1.80E+01 S.08E-01 1.22E-01 1 22E-01 1.22E-01
Ethylbenzene 6.00E-01 1.97E-02 1 37E-02 1.37E-02 1.37E-02
Methylene chlonde 6.00E-01 1.98E-02 1.08E-02 1 08E-02 1.08E-02
Tetrachioroethene 6.00E-01 2.17E-02 1.15E-02 1 1SE-02 I 1SE-02
Toluene 6.00E-01 2.29E-02 1.58E-02 | S8E-02 1.58E-02
Xylenes (total) 6.00E-01 2.04E-02 1.25E-02 1.25E-02 1.25E-02

Note

Surface (0-0.5 feet) sediments data are used in the calculations

One half of the detection hmut 1s used for all non-detects when calculating values

The upper 95 percent confidence limut values (UCL) of the anthmetc mean concentration assurmung lognormal distnbution

The concentration associated with the 95 percent UCL or the maximum concentration detected, whichever was lower was used as

a0 o

the RME exposure pownt concentration.

®

The RME exposure point concentration or the mean concentration, whichever was lower, was adopted as the average exposure point concentrati
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TABLE 3-13

EXPOSURE POINT CONCENTRATIONS
ON-BASE EAST SOLDIER CREEK SEDIMENTS
(FUTURE SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean™* uCcL*** Point Conc. © Point Conc. *
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L)
Metals
jAnumony 22 5.63E+00 S.97E+00 5.97E+00 5.63E+00
Berylhium 0.90 3.14E-01 3.72E-01 3.72E-01 3.14E-01
Cadmium 415 4.46E+01 1.24E+02 1.24E+02 4 46E+01
Cobalt 560.7 7.65E+00 S 70E+00 0 70E+00 765E+00
Lead 480 9.0SE+01 1.20E+02 1.29E+02 9.05E+01
Mercury 3.5 3.07E-01 3.45E-01 3.45E-01 3.07E-01
Nickel 1220 1.10E+02 1.65E+02 1.65E+02 1.10E+02
Silver 130 8.63E+00 1.06E+01 1.06E+01 8 63E+00
Vanadium 48.7 1.70E+01 2.00E+01 2 00E+0] 1.70E+01
PCBs/Pesticides
Aldnn 0.84 1.25E-01 2 72E-01 2.72E-01 1.25E-01
Aroclor 1254 40 4.40E+00 1.25E+01 1.25E+01 4 40E+00
delta-BHC 0.37 1 08E-01 1.27E-01 1.27E-01 1.08E-01
Heptachlor 52 1. 0SE+00 4.50E+00 4.50E+00 1. 0SE+00
Semivolatile organics
1,2.4-Trichlorobenzene 0.43 6.96E-01 3.29E+00 4.30E-01 4.30E-01
1,2-Dichlorobenzene 37 8.36E-01 3.63E+00 3.63E+00 8.36E-01
1,3-Dichlorobenzene 3 7.68E-01 2.79E+00 2.79E+00 7.68E-01
1.4-Dichlorobenzene 33 1.46E+00 S 99E+00 S.99E+00 1.46E+00
1-Chloronaphthalene 52 5.92E+00 1.09E+01 S.20E+00 5.20E+00
2-Chloronaphthalene 1.4 5.85E-01 1. 56E+00 1.40E+00 S 85E-01
2-Methylnaphthalene 12 7 72E-01 323E400 1.20E+00 T 72E-01
4-Methylphenol g.01¢ S 93E-03 0.92E-03 0.92E-03 593E-03
Acenaphthene R 9 11E-01 1.21E+00 1.21E+00 9.11E-01
/Acenaphthylenc 30 0.61E-01 8 06E+00 3.90E+00 0 6]1E-01
Anthracene 26 1 31E+00 3.05E+00 3.0SE+00 1.31E+00
Benzdine 370 1 21E+01 1 19E+01 1.19E+01 1.19E+01
Benzo(a)anthracene 30 2.69E+00 1 43E+01 1 43E401 2.69E+400
Benzo(a)pyrene 20 2 37E+00 9.96E+00 Y 96E+00 2.37E+00
Benzo(b)fluoranthene 33 3 41E+00 1.52E+01 1 S2E+01 3.41E+00
Benzo(g.h.yperylene e 1.32E+00 3. 77E+00 377E+00 1.32E+00
Benzo(k)fluoranthene 39 2 10E+00 3 68E+00 3.68E+00 2.10E+00
Benzoic acid 0.17 0 3SE+00 1.30E+01 1.70E-01 1 70E-01
[bis(2-Ethylhexyl)phthalate 23 3.12E+00 6.67E+00 6.67E+00 3.12E+00
Butyl benzyl phthalate o 7 8IE-01 2 14E+00 2 14E+00 781E-01
Chrysene 35 3.11E+00 9.46E+00 9.46E+00 3. 11E+00
D1-n-butyl phthalate 40 7.29E-01 1.88E+00 1.88E+00 7 29E-01
Di-n-octyl phthalate 11 9.5SE-01 1.07E+00 1 07E+00 9.55E-01
Dibenziahjanthracene 10 6 87E-01 1 43E+00 1.43E+00 0.87E-01
Dibenzofuran S.S 7.96E-01 9.86E-01 9. 86E-01 7.96E-01
Dimethyl phthalate 0.66 0.13E-01 2.52E+00 6.60E-01 6.13E-01
Fluoranthene 53 S.76E+00 1.87E+01 | .87E+01 5.76E+00
Fluorene 12 7 98E-01 1.71E+00 1.71E+00 7.98E-01
Indeno(1,2,3-cd)pyrene 19 1 27E+00 3 93E+00 3.93E+00 1 27E+00
iaphthalene 5.9 8.36E-01 2.49E+00 2.49E+00 8.36E-01
Phenanthrene S8 4.35E+00 1.29E+01 1.29E+01 4.35E+00
ene S5 S.76E+00 1.78E+01 1 78E+01 5.76E+00
Volatile Oragnics
2-Butanone (MEK} 29 7.22E-02 3.07E-02 3.07E-02 307E-02
(Acetone 0.95 7.67E-02 U 96E-02 9 96E-02 7T 67E-02
Benzene 0.005¢6 1.53E-02 1.03E-02 5.60E-03 S 60E-03
Carbon disulfide 0.011 1.91E-02 8 48E-03 8.48E-03 8 48E-03
Chlorobenzene 1500 4.21E+01 5.84E+00 5 84E+00 S.84E+00
Ethylbenzene 0.013 1.56E-02 1 44E-02 1.30E-02 1.30E-02
Methylene chlonde 0.0 1.72E-02 9.88E-03 9 88E-03 9 88E-03
[Tetrachloroethene 0.017 1.93E-02 8 78E-03 8.78E-03 8.78E-03
Toluene 0.073 1.94E-02 2.13E-02 2.13E-02 1.94E-02
Xylenes (total) 12 1.91E-01 3.25E-02 3.25E-02 3.25E-02

Note
a. Sediment data collected from 0 - 50 feet depth are used n the calculations
b. One half of the detection himit 1s used for all non-detects when calculating values
c. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distnbution
d The concentration associated with the 95 percent UCL or the maximum concentration detected. whichever was lower was used as
the RME exposure pont concentration
¢. The RME exposure pomnt concentration or the mean concentration, whichever was lower. was adopted as the average exposure pownt concentration
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TABLE 3-14

EXPOSURE POINT CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENTS

(CURRENT SCENARIO)
Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean*® UCL*™ Point Conc. € Point Conc. ¢
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L)
Metals
Antimony 4.20E+00 3.76E+00 3.94E+00 3.94E+00 3.76E+00
Beryllium 4.60E-01 2.66E-01 5.48E-01 4.60E-01 2.66E-01
Cadmium 1.23E+02 2.79E+01 8.88E+03 1.23E+02 2.79E+01
Cobalt 7.00E+00 4.73E+00 6.75E+00 6.75E+00 4.73E-00
Lcad 7.48E+01 2.50E+01 1.S1E+02 7.48E+01 2.50E+01
Mercury 6.00E-01 1.57E-01 7.64E-01 6.00E-01 1.57E-01
Nickel 3.26E+02 9.91E+01 1.63E+03 3.26E+02 9.91E+01
Sitver 1.62E+01 4.5TE+00 5.07E+01 1.62E+01 4.57E+00
Thallium 6.00E-01 3.44E-01 7.44E-01 6.00E-01 3 44E-01
Vanadium 2.44E+01 1.72E+01 2.34E+01 2.34E+01 1.72E+01
PCBs/Pesticides
Aldrin 5.00E-02 1.02E-02 3.02E-01 S.00E-02 1.02E-02
alpha-BHC 9.70E+00 1.44E+00 2.53E+05 9.70E+00 1.44E+00
alpha-Chlordane 5.00E-02 8.23E-03 1.56E-01 5.00E-02 8.23E-03
Aroclor 1254 S.00E-02 9.04E-03 1.67E-01 5.00E-02 9.04E-03
Heptachlor 9.70E-01 1.98E-01 1.97E+07 9.70E-01 1.98E-01
Semivolatile organics
1-Chloronaphthalene 1.75E+00 1.54E+00 1.65E+00 1.65E+00 1.54E+00
2-Chioronaphthalene 4.05E-01 1.83E-01 6.63E-01 4.05E-01 1.83E-01
2-Methylnaphthalenc 2.30E-01 1.94E-01 2.40E-01 2.30E-01 1.94E-01
3/4-Methvlphenol 4.05E-01 2.31E-01 2.97E-01 2.97E-01 2.31E-01
Acenaphthene 5.40E-01 2.55E-01 3.58E-01 3.58E-01 2.55E-01
Anthracene 7.90E-01 2.26E-01 8 19E-01 7.90E-01 2.26E-01
|Benzo(a)anthracene 1.50E+00 2.60E-01 3.00E+00 1.50E+00 2.60E-01
[Benzo(a)pyrene 1.30E+00 2.47E-01 2.78E+00 1.30E+00 2.47E-01
|[Benzo(b)fluoranthene 2.30E+00 3.51E-01 3.03E+00 2.30E+00 3.51E-01
[[Benzotg h.ijperviene 6.00E-01 2.05E-01 7.28E-01 6.00E-01 2.05E-01
[Benzo(k)fluoranthene 4.05E-01 1.67E-01 1.09E+00 4.05E-01 1.67E-01
[[bis(2-Ethylhexyl)phthalate 3.00E+00 8.23E-01 2.91E+01 3.00E+00 8.23E-01
[lchrysene 2.10E+00 3.18E-01 3.17E+00 2.10E+00 3.18E-01
[[Di-n-butyl phthalate 4.05E-01 1.86E-01 1.88E+00 4.05E-01 1.86E-01
[IDi-n-octy! phthalate 4.05E-01 2.15E-01 4.77E-01 4.05E-01 2.15E-01
[[Dibenzofuran 2.70E-01 2.16E-01 2.38E-01 2.38E-01 2.16E-01
[Fluoranthene 4.40E+00 7.17E-01 7.29E+00 4.40E+00 7.17E-01
[lindeno(1.2.3-cd)pvrene 6.30E-01 2.08E-01 7.38E-01 6.30E-01 2.08E-01
[[Phenanthrene 4.60E+00 6.13E-01 6.63E+00 4.60E+00 6.13E-01
[Pyrenc 3.60E+00 4.89E-01 1.95E+01 3.60E+00 4.89E-01
Volatile Oragnics
2-Butanone (MEK) 7.00E-02 1.93E-02 6.96E-02 6.96E-02 1.93E-02
Acctone 7.00E-01 1.12E-01 1.64E+01 7.00E-01 1.12E-01
Acrylonitrile 3.50E-02 7.93E-03 2.67E-02 2.67E-02 7.93E-03
(Carbon disulfide 3.50E-02 5.94E-03 1.0SE+03 3.50E-02 5.94E-03
(Chlorobenzene 3.50E-02 6.73E-03 9.19E+02 3.50E-02 6.73E-03
Methylene chloride 1.10E+00 1.24E-01 2.14E+04 1.10E+00 1.24E-01
Toluene 6.00E-01 1.98E-02 1.08E-02 1.08E-02 1.08E-02

Note:
a. Surface (0-0.5 feet) sediments data are used in the calculations.
b. One half of the detection limit is used for all non-detects when calculating values.
c. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
d. The concentration associated.with the 95 percent UCL or the maximum concentration detected, whichever was lower was used as
the RME exposure point concentration.
¢. The RME exposure point concentration or the mean concentration. whichever was lower, was adopted as the average exposure point concentration.
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TABLE 3-15

EXPOSURE POINT CONCENTRATIONS
OFF-BASE EAST SOLDIER CREEK SEDIMENTS
(FUTURE SCENARIO)

Maximum Detected RME Exposure Average Exposure
Chemical Concentration Mean*® UuCL*>¢ Point Conc. © Point Conc. *

(mg/ke) (mg/kg) (mg/kg) (mg/kg) (mg/L)

Antimony 4.50E+00 3.72E+00 3.82E+00 3.82E+00 3.72E+00
Beryllium 6.00E-01 3.03E-01 4.78E-01 4.78E-01 3.03E-01
Cadmium 1.23E+02 1.43E+01 3.55E+02 1.23E+02 1.43E+01
Cobalt 1.46E+01 4.86E+00 5 85E+00 5 85E+00 4.86E+00
Lcad 1.07E+02 1.79E+01 3.75E+01 3.75E+01 1. 79E+01
Mercury 6.00E-01 1.25E-01 1.64E-01 1.64E-01 1.25E-01
Nickel 3.47E+02 5.40E+01 1.21E+02 1.21E+02 5 40E+01
Silver 1.94E401 2.54E+00 4.95E+00 4.95E+00 2.54E+00
Thallium 9 00E+00 9 01E-01 1.09E+00 1.09E+00 9.01E-01
\ anadium 2.51E+01 1.79E+01 2.03E+01 2.03E+01 1.79E~01

PCBs/Pesticides
Aldrin 8.60E-02 1.18E-02 4.01E-02 4.01E-02 1.18E-02
alpha-BHC 2.00E-03 6.78E-03 8.00E-03 2.00E-03 2.00E-03
alpha-Chlordane 9.10E-01 4.13E-02 7.48E-02 7.48E-02 4.13E-02
Aroclor 1254 9.70E+00 7.21E-01 2.25E+01 9.70E+00 7.21E-01
| ieptachlor 9 70E-01 7.98E-02 2.17E+00 9.70E-01 7.98E-02
Semivolatile organics
1-Chloronaphthalene 1.30E+00 1.45E +00 2.38E+00 1.30E+00 1.30E-00
2-Chloronaphthalene 6.90E-02 1.34E-01 4.59E-01 6.90E-02 6.90E-02
2-Methylnaphthalenc 1.10E-0] 1.97E-01 2.10E-01 1.10E-01 1.10E-01
3/4-Methylphenol 1.60E-01 2.11E-01 2.27E-01 1.60E-01 1.60E-01
Acenaphthene 5 40E-01 2.20E-01 2.41E-01 2.41E-01 2 20E-01
Anthracenc 7.90E-01 1.51E-01 5 34E-0} 5.34E-01 1.51E-01
[Benzo(a)anthracene 1.50E+-00 1 70E-01 5.78E-01 5 78E-01 1.70E-01
[Benzo(a)pyrene 1.30E-00 1.84E-01 6.57E-01 6.57E-01 1.84E-01
[Benzo(b)fluoranthenc 2.30E+00 2.15E-01 7.20E-01 7.20E-01 2.15E-01
{[Benzo(g.h.1)pervienc 6.00E-01 1.63E-01 6.52E-01 6.00E-01 1.63E-01
(IBenzo(k)fluoranthene 6.70E-01 1.49E-01 5.51E-01 5.51E-01 1.49E-01
bis(2-Ethylhexyl)phthalate 4.50E+00 5 98E-01 4.84E+00 4.50E+00 5.98E-01
Chrysene 2.10E+00 1.95E-01 6.10E-01 6.10E-01 1.95E-01
Di-n-butyl phthalatc 3.40E-02 1.45E-01 3.87E-01 3 40E-02 3.40E-02
Di-n-octyl phthalate 7.70E-02 1.99E-01 2.48E-01 7.70E-02 7.70E-02
[Dibenzoturan 2.70E-01 2,06E-01 2.13E-01 2.13E-01 2.06E-01
[Fluoranthene 4.40E+00 4.38E-01 1.67E~+00 1.67E+00 4.38E-01
lIndeno(1.2.3-cd)pyrenc 6.30E-01 1.60E-01 6.36E-01 6.30E-01 1.60E-01
[Phenanthrenc 4.60E+00 2. 72E-01 6.93E-01 6.93E-01 2 72E-01
Pyrene 3.60E+00 3.11E-01 2.59E~00 2.59E+00 3.11E-01
Volatile Oragnics

2-Butanone (MEK) 1.50E-02 1.01E-02 1.28E-02 1.28E-02 1.01E-02
Acctone 7.00E-02 2.40E-02 3 98E-02 3.98E-02 2.40E-02
Acrylonitrile 4.50E-03 5.89F-02 1.72E-01 4.50E-03 4.50E-03
Carbon disulfide 2.10E-02 6.77E-03 9.47E-03 9.47E-03 6.77E-03
Chlorobenzene 7.00E-03 3.64E-03 7.69E-03 7.00E-03 3.64E-03
[Mecthylene chloride 8.50E-03 3.85E-03 6.95E-03 6.95E-03 3.85E-03
[[Tolucne 1.10E+00 4.61E-02 1.89E-01 1.89E-01 4.61E-02

Note.
a. Sediment data collected from 0 - 5.0 feet depth are used in the calculations.
b. One half of the detection limit is used for all non-detects when calculating values.
c. The upper 95 percent confidence limit values (UCL) of the arithmetic mean concentration assuming lognormal distribution.
d. The concentration associated with the 95 percent UCL or the maximum concentration detected. whichever was lower was used as
the RME exposure point concentration.
¢. The RME exposure point concentration or the mean concentration. whichever was lower. was adopted as the average exposure point concentration.
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4.0
TOXICITY ASSESSMENT

In general, the chemicals of concern identified in West and East Soldier Creeks consist of
volatile and semivolatile organic compounds, PCBs, pesticides, and metals. The toxicity
assessment provides the critical toxicity values (CTVs) for the COCs. The CTVs are values
developed by the EPA that are used to evaluate potential cancer risks and non-carcinogenic

health hazards associated with chemical exposure.
4.1 TOXICITY ASSESSMENT OF NON-CARCINOGENIC EFFECTS

The non-carcinogenic CTV is known as the reference dose (RfD). Reference doses are based
on the premise that non-carcinogenic (i.e., toxic) effects exhibit a threshold. As long as the
chronic daily intake (CDI) of a compound is less than the reference dose. no non-
carcinogenic health effect is believed to be posed by the exposure. Reference doses are
developed using human and animal studies, and incorporate safety factors to ensure health

protection in the most sensitive population.

Substances that produce non-carcinogenic effects are generally thought to have a threshold
below which there are no observable adverse health effects. This threshold does, also known

as no-observed-adverse-effect level (NOAEL), is the highest level (determined in -
epidemiologic studies or animal studies) at which there is no statistically or biologically
significant effects of concern, often called the “critical toxic effect”. For certain substances.
only a LOAEL. or “lowest-observed-adverse-effect level,” has been determined. This is the
lowest dose of a substance that produces either a statistically or biologically significant
indication of the critical toxic effect. The NOAEL or the LOAEL may be used to calculate

the RfD (reference dose) of a particular chemical.

RfDs are calculated by dividing the NOAEL (or LOAEL) by uncertainty factors, which
generally range from 10 to 1.000. For example, uncertainties include variations in the
sensitivity of individuals within a population and the extrapolation of data from experimental
animals to humans. The RfD is expressed in units of milligrams of chemical per kilogram of

body weight per day (mg/kg-day) for oral exposure.
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Dermal RfDs can be derived from oral RfDs by adjusting the oral value to account for the
percent of gastrointestinal absorption associated with the study used to derive the RfD
(i.e.. converting the oral RfD from an “administered” to an “absorbed” dose). However, this
approach is not currently recommended by EPA’s Environmental Criteria Assessment Office
(ECAQO) because absorption efficiency is unknown for most compounds (ECAO. 1993).
ECAO currently recommends use of oral RfDs to evaluate dermal exposure, although it
should be noted that this approach may lead to an underestimation of dermal risk for some
compounds (ECAO. 1993). The methodology for deriving RfDs is more fully described in
RAGS (EPA, 1989a).

The EPA defines a chronic RfD as an estimate of a daily exposure level for the human
population that is unlikely to result in deleterious effects during a lifetime (i.e.. 70 years
according to EPA guidance). A chronic RfD is used to evaluate the potential non-
carcinogenic hazards associated with long-term chemical exposures (7 years to a lifetime).
Chronic RfDs for the COCs are shown in Table 4-1. For the ingestion route. the RfD is for
the administered dose (assuming 100 percent absorption by the gastrointestinal tract) unless
otherwise noted. This assumption enhances the conservatism of the risk assessment since
many chemicals in the environment are not readily absorbed by the gastrointestinal tract.
RfDs have also been developed from many of the carcinogens to account for their non-

carcinogenic effects.

The potential for non-carcinogenic effects to occur as a result of exposure is evaluated by
comparing the exposure level, or daily chemical intake. over a specified time period (e.g.,
subchronic or chronic) with a RfD derived for a similar exposure period. A Hazard Quotient

(HQ) is derived for each chemical as follows:
HQ = [Average Daily Intake] / [RfD]

[f exposure is equivalent to or less than the RfD, the HQ will be 1.0 or less, which represents
an intake level unlikely to be associated with potential adverse effect due to the chemical. If
exposure exceeds the RfD, the resulting HQ will exceed 1.0, and it will be concluded that a

hazard may exist. For each non-carcinogenic chemical of potential concern specific to each
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exposure pathway, a HQ will be derived. HQs for each chemical are then summed for each
exposure pathway to derive a value referred to as a Hazard Index (HI):

HI = HO, + HQ, + HQ; = HO,
HIs greater than 1.0 are generally viewed as indicating that exposure to a particular medium
1dentified in the exposure scenario represents a potential human health hazard. Exposure
pathway HIs are summed across pathways whenever appropriate, since individuals may be

simultaneously exposed to chemicals via more than one pathway (e.g.. to both soil and

surface water).
4.2 TOXICITY ASSESSMENT OF CARCINOGENIC EFFECTS

The carcinogenic CTV is termed the slope factor (SF). Slope factors are developed based on
a dose-response curve for carcinogenicity of the specific chemicals. As with RfD values.
slope factors are developed from human and animal studies and are designed to be health
protective (i.e.. to overestimate the actual risks). The SF is used to estimate an upperbound
probability of an individual developing cancer as a result of exposure to a potential
carcinogen.  Carcinogens with EPA-derived slope factors are also given an EPA
weight-of-evidence classification whereby potential carcinogens are grouped according to the
likelihood that the chemical is a human carcinogen. depending on the quality and quantity of
carcinogenic potency data for a given chemical. Table 4-2 presents the EPA

weight-of-evidence classification system.

In estimating the risk posed by potential carcinogens, it is the common practice of the EPA
and other regulatory agencies to assume that any exposure level is associated with a finite
probability, however minute. of producing a carcinogenic response. EPA assumes that a
small number of molecular events can evoke changes in a single cell that can lead to
uncontrolled cellular proliferation. This mechanism for carcinogenicity is referred to as
“non-threshold™ since there is theoretically no level of exposure for such a substance that

does not pose a small. though finite, probability of producing a carcinogenic response.
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Slope factors are based primarily on the results of animal studies. There is uncertainty
whether all animal carcinogens are also carcinogenic in humans. While many chemical
substances are carcinogenic in one or more animal species, only a number of chemical
substances are known to be human carcinogens. The EPA assumes that humans are as
sensitive to all animal carcinogens as the most sensitive animal species. This policy decision
is designed to prevent underestimating risk and introduces the potential to overestimate

carcinogenic risk.

It is generally assumed by EPA in developing SFs that the risk of cancer is linearly related to
dose. A linearized multistage model is one of the most commonly used models bv EPA for
low-dose extrapolation of experimentally derived data to the low dose range. This
conservative mathematical model is based on the multi-stage theory of carcinogenesis
wherein the response is assumed to be linear at low doses. From the slope of the
extrapolation curve estimated by the model. the EPA calculates the upper 95th percent
confidence limit of the slope. This value. the slope factor (SF). expressed in units of
(mg/kg-day) . is used to convert the average daily intake of chemical, normalized over a
lifetime. directly to a cancer risk. This represents an estimation of an upperbound
incremental lifetime probability that an individual will develop cancer as a result of exposure
to a potential carcinogen. This model provides a conservative estimate of cancer risk at low
doses, and is likely to overestimate the actual cancer risk. The EPA acknowledges that actual
slope factors are likely to be between zero and the estimate provided by the linearized
multistage model (EPA; 1989a). The slope factors and weight-of-evidence classifications for
the COCs are included in Table 4-1.

Risks associated with individual COCs can be derived by multiplying the SF and the
estimated chronic daily intake (i.e.. average daily intake for entire lifetime) for each exposure

pathway as follows:
Risk Estimate = Chronic Daily Intake x Slope Factor

An overall risk estimate for each exposure scenario can be calculated by combining the risk

estimates for individual chemicals and exposure routes. Risk estimates are then compared
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with EPA’s acceptable risk range of 1 x 10™ (1 in 10,000) to 1 x 10° (1 in 1,000,000)

incremental excess lifetime cancer risk (NCP, 1990).
4.3 SOURCES OF CRITICAL TOXICITY VALUES

The RfD and SF values listed in the present risk assessment were obtained from the

following sources:

. EPA’s Integrated Risk Information System (EPA, 1995) on-line
database system:

° EPA’s Health Effects Assessment Summary Tables (EPA. 1992b
and 1994) ;

o EPA Region IIl Risk-Based Concentration Table (EPA Region III,
1994) and

. Drinking Water Regulation and Health Advisories (EPA, May 1995)

Available RfDs and SFs for each COC are presented in Table 4-1.
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TABLE 4-1

CRITICAL TOXICITY VALUES

Chemical Name Cancer Oral RfD Oral SF
Class mg/kg-day (mg/kg-day)”

1,2 4-Trichlorobenzene D 1.00E-02 °

1,2-Dichlorobenzene D 9.00E-02 *

1,3-Dichlorobenzene D 8.90E-02 ¢

1,4-Dichlorobenzene C 2.40E-02°
1-Chloronaphthalene 3.00E-02 ™

2. 4-Dimethylphenol 2.00E-02 ®

2-Butanone (MEK) D 6.00E-01 #

2-Chloronaphthalene 8.00E-02 °

2-Methylnaphthalene D 3.00E-02

3/4 Methvlphenol C 5.00E-02 *¢

1-Nitrophenol D 8.00E-03

[Acenaphthene 6.00E-02 *

lAcenaphthylene 3.00E-02

Acetone D 1.00E-01 *

IAcrvlonitrile Bl 1.00E-03 ° S40E-01 *
IAldrin B2 3.00E-05 * 1.70E+01 ©
alpha-BHC 2 6.30E+00 *
alpha-Chlordane B2 6.00E-05 © 1.30E+00 °
Anthracene 3.00E-01 *

Antimonv D 4.00E-04 *

IAroclor 1254 B2 2.00E-05*

Arsenic A 3.00E-04 * 1.50E+00 *
[Benzene A 2.90E-02 *
Benzidine A 3.00E-03 * 2.30E+02 °
Benzo(a)anthracene B2 7.30E-01 "
Benzo(a)pyrene B2 7.30E+00 °
Benzo(b)fluoranthene B2 7 30E-01 "
Benzo(g.h.i)perylene 3.00E-02 *
Benzo(k)fluoranthene B2 7.30E-02 *h
Benzoic acid 4.00E+00 *

Benzyl alcohol 3.00E-01 &

[Beryllium B2 S.00E-03 * 4 30E+00 °
Bis(2-cthylhexvl) phthalate B2 1.40E-02 *
[Bromoform B2 2.00E-02 ® 7.90E-03 *
IButyl benzyl phthalate C 2.00E-01 *

Cadmium (Food) Bl 1.00E-03 ®

Cadmium (water) Bl 5.00E-04 *
"Carbon disulfide 1.00E-01 *

Chlorobenzene 2.00E-02 *

Chloroform B2 1.00E-02 * 6.10E-03 ¢
[Chloromethane B2 1.30E-02 °
l[Chromium (1) D 1.00E+00 *
liChromium (1v) A 5.00E-03 ®
[Chrysene B2 7 30E-03 *
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TABLE 4-1

CRITICAL TOXICITY VALUES

Chemical Name Cancer Oral RfD Oral SF
Class mg/kg-day (mg/kg-day)”

Cobalt 6.00E-02 &
delta-BHC D
D1-n-butyl phthalate D 1.00E-01 *
[Di-n-octyl phthalate 2.00E-02 8
[Dibenz(a,h)anthracene B2 7 30E+00
[Dibenzofuran 4.00E-03 &
Dimethyl phthalate D 1.00E+01 ®
Ethylbenzene D 1.00E-01 *
Fluoranthene 4.00E-02 *
Fluorene 4 00E-02 *
Heptachlor B2 5.00E-04 * 4.50E+00 *
Indeno(1.2,3-cd)pyrene B2 7.30E-01 **
Lead B2
Mercury D 3.00E-04 &
Methvlene chloride B2 6.00E-02 ® 7.50E-03 *
Molybdenum D 5.00E-03 °
IN-Nitroso-di-n-propylamine B2 7.00E~+00 °
[Naphthalene 3.00E-02 ™
Nickel A 2.00E-02 ¢
Phenanthrene 3.00E-02 *
Phenol D 6 00E-0] ®
Pyrene D 3.00E-02 *
Silver D 5.00E-03 *
Tetrachloroethene 1.00E-02 *
Thallium 8.00E-05
Toluene D 2.00E-01 ®
trans-1.2-Dichloroethene D 2.00E-02 °
Trichloroethene B2 6.00E-03 # 1.10E-02 &
Vanadium D 7.00E-03 °
Vinyl chloride A 1.90E+00 ©
Xvlenes (total) D 2.00E+00 *

Note:

a). EPA's Integrated Risk Information System (USEPA, December 1995) on-line database system.
b). EPA's Health Effects Assessment Summaryv Tables (USEPA, 1994)
¢). EPA's Health Effects Assessment Summary Tables (USEPA, 1992b)

d). Data Inadequate For Quantitative Risk Assessment

¢). Subchronic value 1s used.
). RfD value for Thallium (I) chloride is used.
g). EPA. Region III (1994).

h). Based on the slope factor of Benzo(a)pyyrene x Carcinogenic Equivalency Factor (EPA,1993).
1). The RfD value for pyrene is assumed as the surrogate R{D value for non-carcinogenic PAHs.
J). Drinking Water Regulation and Health Advisories (EPA, May 1995).
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TABLE 4-2

USEPA WEIGHT-OF-EVIDENCE CARCINOGENIC
CLASSIFICATION OF CHEMICALS

Group Description Description of Evidence

A Human carcinogen Sufficient evidence from epidemiologic
studies to support a causal association
between exposure and cancer.

B1 or B2 Probable human carcinogen B1 indicates that limited human data arc
available from epidemiologic studies. B2
indicates sufficient evidence in animals
and inadequate or no evidence in
humans of carcinogenicity.

C Possible human carcinogen Limited evidence of carcinogenicity in
animals.
D Not classifiable as to human Inadequate evidence of carcinogenicity in
carcinogenicity animals.
E No evidence of carcinogenicity in No evidence of carcinogenicity in at least
humans two adequate animal tests or in both

epidemiologic and animal studies.

Note: Substances in groups B and C are considered potential carcinogens.
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5.0
CHARACTERIZATION OF POTENTIAL CANCER
RISKS AND NON-CARCINOGENIC HAZARDS

5.1 PROCEDURE FOR CALCULATION OF POTENTIAL CANCER RISKS
AND NON-CARCINOGENIC HAZARDS

The purpose of the risk characterization is to estimate the potential health risks associated
with site chemicals. The potential health risks for each compound and exposure pathway are
estimated in this Section of the risk assessment. These risk estimates are calculated using the
intake parameters developed in the exposure assessment (Tables 3-1. 3-2. 3-3 and 3-4). the
estimated exposure point concentrations (Tables 3-5 to 3-14). and the CTVs reported in the
toxicity assessment (Table 4-1). The Chronic Daily Intake (CDI) calculations are discussed
in Section 3-6 and are presented in Appendix A. It should be noted that the CDIs used for
calculating hazard quotients (HQs) are different from those used to estimate cancer risks
(CRs). The CDIs used to calculate HQs are developed using the exposure period as an
averaging period, while the CDIs used to calculate potential CRs assume lifetime as the
averaging period. The approach for carcinogens is based on the assumption that a high dose
received over a short period of time is equivalent to a low dose spread over a life-time, while
the approach used for non-carcinogens assumes that chemical effects are only relevant during
the period of exposure. The CDIs and their corresponding risks and hazards were calculated
for each chemical. using the arithmetic mean concentration to evaluate average exposure and

the RME concentration to evaluate upperbound exposure.

As discussed in Section 4.0. the potential non-carcinogenic health hazard is calculated for
each compound as the ratio of CDI and respective reference dose (RfD). The ratio is termed
the Hazard Quotient (HQ). The concept of HQ is based on the assumption that most
toxicological effects of chemicals occur only after a threshold dose is achieved. The RfD for
a compound is an estimate of the threshold concentration for the most sensitive human
population associated with the lowest observed adverse effect for that compound. An HQ is
excess of 1.0 indicates that the threshold has been exceeded and a potential health hazard

may exist, while a value of less than 1.0 indicates the absence of a health hazard.
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The summation of HQs for all compounds is termed the Hazard Index (HI). The assumption
of additivity of sub-threshold HQ values in calculating an HI is only valid when the

following conditions are met:

. All compounds affect the same target organ.

. There are no antagonistic or synergistic effects between compounds (little is
known about these interactions for most chemicals).

The first assumption is not true for many chemicals, while the second assumption represents
a major source of uncertainty. Assuming that no synergistic effects occur, the assumption of
additivity does not appear to be valid for all compounds. The use of an HI in this RA should
be considered highly conservative, and will likely overestimate the potential for a health

hazard.

Potential cancer risks are calculated for each compound as the arithmetic product of the CDI
and the respective slope factor (SF). The estimated cancer risk for each compound may be
summed to yield an overall cancer risk for each scenario. The basis for this approach is the
regulatory assumption that cancer risks are additive (RAGS; USEPA, 1989a). This approach
is very conservative and likely to overestimate the true cancer risks associated with exposure

to the chemicals of concern.

5.2 SUMMARY OF POTENTIAL NON-CARCINOGENIC HEALTH
HAZARD AND CANCER RISKS

The calculation of individual HQs and cancer risks for each receptor, exposure route and

compound are presented in Appendix A and are summarized in Tables 5-1 and 5-2.

Both average exposure and RME hazard indices are less than the threshold value of 1.0 for all
exposure scenarios and stream segments studied in this RA. This indicates that surface water
and sediments in both West and East Soldier Creeks should not pose a non-carcinogenic
health hazard to any on-base or off-base populations under current or future stream use

conditions.
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As shown on Tables 5-1 and 5-2. potential cancer risks associated with all scenarios are less
than the baseline risk level of 10™ established by USEPA for identifying sites that require
remedial action (OSWER Directive 9355.0-30, April 22, 1991¢). These results indicate that
exposure to surface water and sediments in West and East Soldier Creeks are not likely to
result in an unacceptable cancer risk for any on-base or off-base populations under current or

future stream use conditions.
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6.0
REMEDIAL ACTION OBJECTIVES

The establishment of health-based Remedial Action Objectives (RAOs) (i.e., "cleanup goals")
serves as an important means of guiding remedial activities. In general, development of health-
based RAOs is warranted whenever a site is found to pose an unacceptable risk to either human
health or the environment, and "cleanup" standards promulgated by state or federal agencies are
not available. The approach used to develop health-based cleanup goals is derived from the risk
assessment process, which is a process whereby the magnitude of potential cancer risks and
other health effects associated with site contaminants can be evaluated quantitatively. A human
health-based cleanup goal is established by "back-calculating" a health protective contaminant
concentration, given a target risk which is deemed acceptable and using realistic intake factors

to represent potentially exposed populations.

The approach used in this document to develop cleanup goals incorporates reasonable
maximum exposure (RME) assumptions and reasonable site use scenarios so that residual risks
posed by the site after corrective action are within a health-protective range. It is important to
note that. since the RME is meant to represent the most exposed individual in a population, the
estimates provided herein are conservative. That is, because cleanup goals developed using
RME assumptions are health-protective of the most exposed individual in a population. they

will be health-protective for all potentially exposed individuals within that population.

The approach used to calculate RAOs in this document is the same as that used in the Baseline
Risk Assessment (B&V. 1993). Risk-based RAOs were calculated for each chemical using the
most conservative exposure scenario, that is. the scenario associated with the largest risk or
hazard. For COCs found off-base. the largest risks and hazards were associated with residential
exposure scenarios. For COCs found only in the on-base portions of the creek. the construction

worker scenario is the only applicable scenario, and thus was used to calculate RAOs.

Human health RAOs are calculated based on both the carcinogenic and non-carcinogenic

properties of the COCs. Four sets of human health RAOs are developed in this risk assessment.
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For carcinogens. RAOs were calculated based on target risk levels of 10 (one in a million).
107 (one in one hundred thousand), and 10 (one in ten thousand). These three values
encompass the acceptable risk range of 10° to 10™ identified by EPA. For non-carcinogens.
RAOs were calculated based on a target Hazard Index of 1.0. The equations used to calculate
RAOs, as originally presented in B&V (1993), are presented below. These equations were used
to preserve continuity between the baseline risk assessment prepared by B&V (1993) and this
current risk assessment.

For Carcinogens

RAO = (Risk Assessment Concentration/Calculated Risk) (Target Risk)
For Non-Carcinogens

RAO = (Risk Assessment Concentration/Calculated Hazard) (Target Hazard)
where

Risk Assessment Concentration = The chemical exposure point concentration used in the

risk assessment

Calculated Risk = The highest calculated risk associated with the exposure point

concentration
Target Risk = 10°, 107, and 10™

Calculated Hazard = The highest calculated hazard associated with the exposure point

concentration

Target Hazard = 1.0
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The RAOs for chemicals in sediment are summarized in Table 6-1. For chemicals with both
carcinogenic and non-carcinogenic RAOs, the lower level of these values is the
health-protective value. Because surface water in the creek is a dynamic medium that is
constantly changing. it is inappropriate to develop RAOs for chemicals in surface water.
However, by using the same approach in calculating the RAOs, health-based indicators of

water quality were developed for chemicals in surface water and are summarized in
Table 6-2.
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7.0
UNCERTAINTY ANALYSIS

The USEPA guidance for risk assessment provides a systematic means for organizing,
analyzing, and presenting information on the nature and magnitude of potential risks to
public health posed by chemical exposures. Despite the advanced state of the current
methodology, uncertainties and limitations are inherent in the risk assessment process. The
uncertainty can lead to an over or under estimation of the risk. Table 7-1 presents a
qualitative assessment of factors which may contribute to uncertainty in the estimation of
potential risks. Available data quality, incomplete information about existing conditions and
future circumstances. as well as other factors discussed below contribute to these

uncertainties and limitations.

This section discusses the following sources of uncertainties associated with the Soldier

Creek risk assessment:

) Data collection and evaluation
. Exposure Assessment

. Toxicity assessment

. Risk characterization

J Remedial Action Objectives

7.1 DATA COLLECTION AND EVALUATION
7.1.1 Data Collection

Data used in this risk assessment were collected from Soldier Creek during four quarterly
sampling events as part of a follow-up study to the RI/FS. These data are subject to

uncertainty associated with sampling and analysis.

7.1.1.1 Sampling

In the risk assessment, it was assumed that samples collected were representative of areas

where various populations may be exposed. However. collected samples may not be
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completely representative due to biases in sampling, random variability, or sources of non-
random variation, such as the annual precipitation cycle or periodic releases from on-base or
off-base outfalls. These sources of bias or variability may result in either an over- or under-

estimation of actual chemical concentrations, and thus, site risks.
7.1.1.2 Analysis

Samples were analyzed and subjected to data quality review procedures to assure that data
were suitable for use in decision-making. However, it should be understood that sample
analysis is subject to uncertainties associated with precision and accuracy and evaluated
through laboratory quality assurance (QA) programs. Uncertainties associated with precision
and accuracy of analysis are generally random. While these errors are typically of low
magnitude compared to other sources of uncertainty in the risk assessment, they may lead to

a possible over- or under-estimation of risk.
7.1.2 Data Evaluation

In accordance with EPA guidance. several inorganic chemicals present at background
concentrations were removed from consideration as potential COCs because they are not
site-related contaminants. This exclusion process was not extended to organic chemicals,
because it is difficult to establish true background levels for most organics. None the less. it
is likely that several of the organic chemicals identified as COCs are present at background
levels, and are not site-related contaminants. Inclusion of these chemicals in the risk

calculations will result in an over estimation of site-related risks.
7.2 EXPOSURE ASSESSMENT

The exposure assessment is based on a series of assumptions concerning concentrations of
chemicals to which humans are exposed (exposure point concentrations) and patterns of

behavior leading to exposure or intake of chemicals (exposure scenarios).
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7.2.1 Exposure point concentrations

In compiling data for use in the risk assessment. arithmetic mean concentrations and 95
percentile upper confidence limit (UCL) on the mean concentrations were compiled for
chemicals detected in each media. For RME exposure scenarios, the 95th percentile UCL
concentrations were used to estimate risk. Because UCL concentrations are high end values.
typically closer to maximum concentrations than to the arithmetic mean concentrations. use
of UCL concentrations in the risk assessment will likely result in an over-estimation of

potential risk.

For the most part, the arithmetic mean and 95th percentile UCL chemical concentrations
found in the creek were used as exposure point concentrations. It was conservatively
assumed that chemical concentrations observed at the creek will remain unchanged with
time. The potential reduction in chemical concentrations by remedial action, migration,
degradation. or attenuation were not considered in the current risk assessment. The use of
existing chemical concentrations projected into the future may result in an over-estimation of

potential health risks.

When calculating exposure point concentrations it was assumed that a chemical not detected
in a given sample was actually present at one-half of its detection limit. if that chemical was
present in any sample from that medium and stream segment. This approach, as described in
RAGS, is a conservative approach that is likely to lead to an over-estimation of risk.
particularly when the quantification limits are high (due to interferences or sample dilution
during analysis) or the only measured concentrations are “J” coded values less than the

detection limits.

The use of statistical methods to calculate exposure point concentrations can result in
calculated concentrations that exceed the maximum measured concentrations, particularly
when the sample size is small and the standard deviation of the results is large. Use of a
statistical approach to calculate exposure point concentrations when the sample size is small

or standard deviation is large is likely to result in an over-estimation of risk.
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7.2.2 Exposure Scenarios

The exposure assessment relied on a number of assumptions for potential human exposure.

Assumptions used were based on:

. Site-specific information (including information provided in the
Baseline Risk Assessment [B&V, 1993])

. RAGS (USEPA, 1989a), the Exposure Factors Handbook (USEPA,
1989b), and Dermal Exposure Assessment: Principles and
Applications (USEPA, 1992a)

. Professional judgment

The average case scenarios represent assumptions which are considered central values. or
realistically conservative estimates for the exposed population. However, even the average
case exposure scenario 1s conservative because it assumes individuals are exposed on a
regular basis over a long period of time. and thus are likely to over-estimate risk. RME
scenarios are developed to provide an upper bound risk estimate. The RME scenarios are
based upon a combination of conservative assumptions for all variables related to exposure,

and thus are highly likely to over-estimate potential risks.

In some cases (e.g.. the dermal permeability constants), published information for one
chemical has been assumed to be representative of other related chemicals. These
assumptions may lead to over- or under-estimation of risk. The general approach used in this
assessment was to use conservative assumptions for intake variables in the absence of strong

scientific data, thus minimizing the likelihood that risks are under-estimated.

7.3 TOXICITY ASSESSMENT

7.3.1 Uncertainties Associated with Critical Toxicity Values

[n general. the available scientific information is insufficient to provide a thorough
understanding of all the potential toxic properties of chemicals to which humans are

potentially exposed. Consequently, varying degrees of uncertainty surround the assessment
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of adverse health effects among exposed populations. Sources of uncertainty related directly

to toxicity data include:

. Use of dose-response data from experiments on homogenous, sensitive
animal populations to predict effects in heterogeneous human
populations with a wide range of sensitivities.

. Extrapolation of data from: 1) high dose animal studies to low dose
human exposures; 2) acute or subchronic exposure; and 3) one
exposure route to another (e.g., from ingestion to inhalation or dermal
absorption).

. Use of single-chemical test data that does not account for multiple
exposures or synergistic and antagonistic responses.

. Critical toxicity values (RfDs or Slope Factors) are predicted values
for the most sensitive subpopulations.

Because there are numerous potential sources of uncertainty associated with the basic
toxicology data. a high degree of overall uncertainty may be associated with the Critical
Toxicity Values used in the risk assessment. In an attempt to minimize the consequences of
uncertainty, USEPA guidance typically relies on a conservative approach. applying numerous
safety factors to the toxicity data to insure the Critical Toxicity Values used in the risk
assessment are protective of all sensitive human populations. Use of these critical toxicity

values is highly likely to over-estimate potential risk.
7.4 RISK CHARACTERIZATION

Because there are uncertainties in each step of the risk assessment process. these uncertainties
are often magnified in the final risk characterization. The final quantitative estimates of risk
may be one or several orders of magnitude different from the potential risk associated with
the given exposure. Because of the conservative approaches used in each step, the overall
results of the risk assessment are more likely to over-estimate than to under-estimate the

potential risk associated with contaminants in Soldier Creek.
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7.5 REMEDIAL ACTION OBJECTIVES

Remedial action objectives are developed for the COCs using exposure assumptions
developed in the exposure assessment and critical toxicity values identified in the toxicity
assessment. All of the uncertainties associated with selection of COCs. development of
exposure assumptions, and use of EPA-derived toxicity values also apply to the calculation
of remedial action objectives. Because of the inherent conservatism designed into the risk
assessment process, the resulting remedial action objectives are likely to be overly

conservative.
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TABLE 7-1

SUMMARY OF UNCERTAINTIES ASSOCIATED WITH RISK ASSESSMENT
FOR SOLDIER CREEK

Assumptions

Estimated Magnitude
of Effect on Risk

Direction of Effect on Risk
Estimate

Data Collection and Evaluation

Samples collected were representative of
conditions to which various populations may
be exposed.

Low - Moderate

May over- or underestimate risk.

Errors in chemical analysis

Low

May over- or underestimate risk.

High detection limit

Low-Moderate

May over- or underestimate risk.

For RME exposure scenarios, the 95th
percentile UCL concentrations were used to
estimate risk.

Low - Moderate

Likely result in an overestimate of
risk.

Inclusion of background level organic
compounds in the nisk calculation.

Low - Moderate

May overestimate site-related risks.

Exposure Assessment

Use of existing chemical concentrations
projected into the future

Low - Moderate

May overestimate site-related risks.

Chemical concentrations reported as "below
method detection limit" are used at one-half
detection limit when calculating mean chemical
concentration

Low - Moderate

May over- or underestimate risk. but
usually overestimate risk.

Use combination of conservative assumptions
to estimate RME associated risks.

Moderate

May over- or underestimate risk.

Toxicity Assessment

The use of conservative USEPA models for
developing Slope Factors (SF)

Moderate - High

May overestimate risk

The Reference doses (RfD) for a compound is
an estimate of the threshold concentration for
the most sensitive human population associated
with the lowest observed adverse effect for that
compound

Moderate - High

May overestimate risk

Hazard indices (Hls) were developed assuming
all toxic effects were additive

Low - Moderate

May overestimate risk

Risk Characterization

Conservative approaches used in each step

Moderate - High

May overestimate nsk

Remedial Action Objectives

All the uncertainties associated with COC
selection, exposure assumption development,
and EPA-derived toxicity values are used.

Moderate - High

Likely to be overly conservative.

TABLE7-1.XLS 12/28/95 12:11 PM

Page 1 of |



8.0
SUMMARY AND CONCLUSION

This risk assessment has evaluated potential health hazards (i.e., non-carcinogenic effects)
and cancer risks associated with exposure to surface water and sediment from portions of
East and West Soldier Creek that may have been impacted by contaminant releases from
Tinker Air Force Base (AFB). Based on difference in contaminant sources and exposed
populations, the following four different stream segments were evaluated qualitatively in this

risk assessment:

West Soldier Creek. on-base
West Soldier Creek, off-base
East Soldier Creek. on-base
East Soldier Creek. off-base

Chemicals of concern were identified based on the evaluation of chemical data from surface
water and sediment samples collected by Woodward-Clyde in the first four quarterly
sampling events (WCFS. 1994). supplemented with chemical data from sediment samples
collected by Parson Engineering Science (1995). An evaluation of potential health risks has
been performed for a group of exposure scenarios believed to represent potential forms of

human activities that could occur at these areas. These exposure scenarios include the

following:
. Construction workers involved in repair or installation of underground
pipelines around or under on-base portion of the creeks; and
o Residents wading or swimming in the off-base portion of West and

East Soldier Creeks. (Swimming was only evaluated for the child
scenario for East Soldier Creek, while all other scenarios assume
wading only).

Potential health risks associated with surface water and sediment exposure were evaluated for
both on-site construction workers and off-site residents. The results of the risk
characterization indieate that potential cancer risks and non-carcinogenic health hazards for

all scenarios are less than the advisory range of 10° to 10™ and 1.0, respectively. These
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results indicate that exposure to surface water and sediments in West and East Soldier Creeks
1s not likely to result in an unacceptable cancer risk or non-carcinogenic hazard for any

on-base or off-base populations under current or future stream use conditions.

The results of this current risk assessment were compared to those presented in the previous
baseline risk assessment prepared by B&V (1993).  The following differences in

approaches/assumptions were noted between these two documents:

. The current RA evaluated PCBs/chlorinated pesticides as potential
COCs. The RA prepared by B&V did not include these data;

. The individual stream segment, evaluated in the B&V RA are not
identical to the segments evaluated in the current RA (the stream
segments evaluated in the current RA are thought to be mare
representative of actual stream use); and

. Some of the exposure assumptions used in current RA are different
than those used in B&V RA (e.g., the current RA uses age-corrected
surface area for evaluating exposure to surface water and sediments;
B&V RA values were not age corrected).

Despite these slight difference in approach, both RAs concluded that there are no
unacceptable cancer risks or non-carcinogenic hazard associated with exposure to West or
East Soldier Creeks for any on-base or off-base populations, under current or future stream
use conditions. Thus no remedial action appears to be warranted base on risks to human

health.

As part of the risk assessment, a set of cleanup goals was developed to identify health-
protective levels for each COCs. Although remediation does not appear to be warranted at
the present time (based on risk to human health), these cleanup goals provide a set of “action

criteria”. should remedial action be required in the future.
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